
ABBREVIATIONS AND EXPLANATIONS. 


PLO 

. Petrol Landtfls Grt)un(L 

EL.G. 

, Emergency Landing Cronnd. 

VL.G 

. Vftealril Landing Ground. 

CL.G 

. Co-oporatioD Ijinding Ground 

P. , . . 

. PetroL 
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. OiL 

US .. . 

. Railtray Station 

PO^. . . 

• post Office 

TO, . . . 

. Telegraph Office. 

a . , , 

. Cutrol Od. 

T. . , . 

\ eedol OiL 

BB . , . 

. D B OiL 

BP. . , . 

. Boandaiy Pillar 

. Kortb Point {referring to plane of I* O'a J 




NOTES ON THE GENERAL LANDING GROUND SITUATION. 


1 Petrol Landing Grounds ate grounds where petrol and oil are 
stocked either m a hut on or near the landing ground or in cha^e of 
the local S T authorities The following stores should also be 
available — 

Petrol and water funnels, chocks, ladder. Chamois leather and screw 
picquets The'c grounds will be maintained and marked out with boun- 
dary pillars and a circle 

2 Etnergevaj Landtng Grounds are those which wiU be maintained 
and marked in the same way as P L G’s, but will not be stocked with 
onj fuel or stores 

3 The responsibility for the maintenance of both the above types of 
ground rests primarily with the C R E ,Il A F , Headquarter‘d, who will 
deal direct with the A C R E’e concerned Units will berespoanWo 
for inspecting quarterly those grounds allotted to them, and for report- 
ing to H Q,R A F, any maintenance or other work nece‘'saTy They 
will also check the stocks of petrol and oil and report dehcicncies direct 
to the S AT authorities concerned 

4 Vacated Landing Grounds are those which arc sited on waste land 
and for which no rent is paid These grounds will not be maintained 
or inspected, but will merely be noted for use in case of emergency, and 
reported on when opportumty offers 

5 Co Operation Landing Grounds arc emergency landing gounds 

' ’ ' Tveen the RAF and 

< net from the Traimng 

C Obstructions on landing grounds will be marked in -ceordanco 
with A 11 ■\r 0 337 1923 and C R £ 's letter No 1C0G9-CRE 
Hth December 1923 Sec pKige 9 

7 Koimally, chowkidars will only be kept where essential 
ing after fue’ 



K. A. t. Koules m India. 


Route I. — Keracbt to Quens 

Distance Dtelance. 


0 

1 

KARACHI 

si. 

(Aerodrome) 

0 

1 

100 

1 

Hb DERABAD 
si 

(PL.G) 

100 

! 

195 

1 

PAD I DA\ 

(PLG) 

19S 

1 

305 

i 

si 

JACODABAD 

si 

Sllil 

QUETTA 

(PL.G) 

1 

305 

1 

1 

..00 

! 

(PLC) 

1 

400 

t 

1 

483 

1 

(Aerodrome) 

1 

4S5 

1 

515 

1 

sV 

P1SH1\ 

1 

(PL-G )3 

1 

515 

505 

si. 

CHAM AN 

(P KC) 


0 

100 

i 

195 

1 

J35 

I 

400 

J35 

C35 

740 


Route IL— K«ra<bt to Laborer 
(Aerodrotue) 

JI\DLR\BAD(‘=:i\D) (PL.G) 
PADIDAN (PLC) 

r*t.n (plg) 

KHA’'PUi: (EUG) 

MULT.W (PL.G) 

MO^TGO■UER\ (PLG) 

LAHORE (Aerodrome) 


0 

I 

100 

t 

195 

I 

335 

I 

400 

f 

535 

I 

635 

I 

740 


RAF. Routes in India— fonfrf 
Roote HL — Libiie to rcibiw^r 


(LUG) 

JULLUM (PUG) 


CVJ IR KiU\ () LO) 
1{\^AL11\D1 (PUG) 
iBDVH\ UO) 

I 

Pt®^LPUR (stTO tome) 
rE^H \\\An (aet drome) 
Route IV— LaborotoMittaiba 
L MIOPL (aero )romo) 


SUKUUeke l\ UG ) 


\\AZIRAB^D (\ UG) ^ 

I 

JIIELXni (PUG) 


KIIL'-HAB (E.UC) 

I 

>IUN^AU (PUG) 


BAWu (P ur ) 

I 

, (aerodrome) 


R. A. F. Routes In India— fonf*/ 

noDie V — Riialpur and Petbswu' to ^{lrln>bell 


Ditlanee 

0 PESUAW AP (aorodromt) 

V L ^ 


RISALPUP. {aerodrome) 


KOHAT (aerodrome) 

I 

LAtHI (LL.G) 

i 

BAJJNU (P1*0 ) 

I 

SHR \n (aerodrome) 

Route VL— Rutlporafid Pediivrer to Quetta 
1 1S\LPUTI (aerodrome) 

4 

PESHAWAR 


170 

255 


KOHAT 

i 

LACHI <E L G ) 

B\X\U (PL-G) 

T^>nv (PliG) 
roiT‘-Awr\i\N (plG) 


BAGH (PLO) 

.L.O) 


SIDPCnA (EL.G) 
LoAlaI fP I*G ) 


) 


Tl. A. r» Keclr* In 

MX—t^-Wv I* M f-rrf'*. 

/•. 

t.Mtorn 


1 

'i* *»' 

JCLLi.NDni (r.LC) monToi rj (r.uc.); 


AMP\LA ( } 

DKtjri (r.L.C) 

AOUA truo) 

! 

{ 


CAU'XrORE (PL.O) JIIANSI (P.LO) 


AtLAHABAT) (CiHI), (P L.q ^ RAtCOR (ELO) 



RAF. Routes in India— fof /d 

Route V — Rualpur end Peihawar to NGrui*l»eh 
Dtifanee , , 

0 PESHA\\AP (aerodrome) RISALPUR (aerodrome) 



i 


'35 

KOU Vp (aerodrome) 

60 

50 

X 

LACHt (E L G ) 

1 

C5 

105 

X 

BAl^NTJ (PL.O) 

1 

130 

13S 

mrAX‘?HVH (aerodrome) 


Route Vt — R(««ipur and Peshawaf to Qoetfa 


0 

BISALPUP (aerodrome) 

0 

SO 

X 

PESHA^TAR 



50 

65 

X 

KOHAT 

Co 

70 

X 

LAOHI (EL.G) 

”0 

l2o 

X 

BANKtJ (PL.G) 

1 

JSo 

UO 

X 

TANK (PLG) 

170 

2o5 

X 

FOKT«iA^DEMV^ (PLG) 

255 

X 1 

3G5 HINDUBAGH (PLC) MUKGHA 

1 1 

(ELG) 

'i' 

420 PlisHIN 

vl. 

(PLGl LOP ALAI 

1 

(PI G) 

440 

X 

.^UPT2^ (aerodrome) 

460' 





R. A. r. netitf* In loij*— 

\n.->L«V«rt l« tr £i«r^. 


1.0101 n ^ 0 


jLUVNDiu (rLC) n ro7i rorrj (pL-c >; 


I 

WJ A3tn<,L.\ (\tfp»!fooe) ISO 


DLLirl (PUC) 


40ltA (PL-O) 


CAUNTOPF (PI*0) JnASf<r 


ALLOIASAP (aril), (PLO ) SALOOJt (P ) fl j 



R. A. F. Routes !n India—contJti. 

Route Vm— Kir4 hi to P« Ji>Wir, Ru.Ipar or Mirinihih. 
Dulance 


KARACHI (aerodrome) 


Dulanee 

0 


I 


335 

400 

S30 

C60 


HYDERABAD (P L.0 ) 

i 

PAD I DAN (PL.O) 

i 


KHANTUP. (EUC) 

I 

UrULfAN (PLG) 

I 

DERAISHAILKIIAN (\DC) 

" — I 


100 

193 

315 

400 

630' 

ceo 


r 


700 

I 

700 


TANK (PI^G) BIIANWALI (PLG) 

i I 

MIBANaHAH (*erotlroai*) KOHAT (aerodrome) 


1 


PESHAWAR (aerodrome) 

1 

RISAIA'CR (aerodrome) 


723 

795 

830 


Ope/atlonsl grouais on the North-'West Frontier and in BaluchittaB* 
Norib'Weit Freatiefi 


’* ««J EL 'r’l 


Arawali 
Dargai . 
Hangu . 
Khlrgi . 


Et-O 
EDO. 
E.K.G. 
P.Ii G. 



OpcniSonal ^ Nortb•^\nl Frentirr and {n Q*1oc)itit<n~ 



<<** i 

h«rd» tr#n rrMt «■**/ 

r I « »«*dr 1 < •»-«■*< 

l^nliKoiO 

. . . 1 u. 


. 1 !.n 

S«niTl.kl 

. . . . ) I.O !<■ i&ala 

1*1 »•! at Jtr-^L 



FiiaroyVi 

. IM-l. 

Fpn»»ni 

. Kl..(. 

Th»l 


tUns 

i.U(> r«nnol l-e train 
t*lnr«l at prtwvt 

Dalathittaa 

P L.G 4 and t L ' 

Chaman 


Ilindulagli 

. . . . . I'U 

?i*hin 

. . . . . rue 

1 / ' • 

A) me<lHal 

1 Oulutan 

Duidsp 

1 Mirjava 

\u«hkl 


MuceB&neous Grounda in -vrWch the RAF. are not at present 
concerned. 

Cil uttc Dum DiW 

Hus IS a ground maintamcd \)v the AwRoitd, G oil 
all appLcationa for its u'e should he made Dimensions 090 by 1,100 
yards 



I a 

I 

pj. 

t.asdii>s GrooaiJs maintained by tbe Army Xor Tramtnj 
Co>cp«ralion Purposes 

^ora. I r 'OtVee (n t vetV 

■EuXira. \ S\\>RC«t 

Aaolh 

L. G.S alons NusblcwDuidap Extension Rly. 
Tvuslikt 
PaIhAn<)in 
TaoVm«cl< 

Nok Kon ti 
Koh t T»f Tan 
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Aua*’ 

Tcrbat. 

P*ajjir 



Xo C r , d»!«l nUi XnrmU r 


Mftnerandam. 

DtfTHii<ya$ cj Tj/i<s tj tjar^ug fho^rit ar^ /Vr/ml Jjanixr^ (?rrU)i<J 
V<Ucy 

1. Landiti" (irounds arr cliK.fjwl urdfi ihr Mlwirp 

Aerodromra 

r<trol l-nijdjns CrouncJ* {1* L C ). 

KmcrRcnc) Landing’ (IfoundK (KHJ) 

\ocat*.d Ijindms Orounda (\.1«.(:} 

2 (o) An A«rodrotre ta a Ijindm? Gmund olmifidt* >\hicli nro 
built liangars and lcchni«l buildin;;*, Qutttn, ^raM^\n^ Dardnju. 

(i) A I’ctrol Landing! Ground laa Ijindmp fimund »l tsliifli a\J«tipn 
petrol It obtainable eitlier from n alied on the proiind or from aonie aourco 
near by. 

(c) An Kmerpenej’ Ijindins Ground la n proimd >\hlch may be n«fd 
fit any moment either bj machinraAvluch owing to lien\’y nihirse wind 
cannot make n P L C or foronoof many other rensona Aviation iietiol 
may be a\ai1ablo near thcfc grounda but it is not o necessity. 

(d) A Vacated Landing Ground is one that is not normally hej't up. 

3 The following methods relating to marking Landing Ground^ 
and regubting their approaches is to bo adopted : — 

(o) All Aerodromes, P. L G.'s and K L G/s will be kept in pri^pcr 
repair Thcj* wdl be marked os follows: — 

(1) Comer posts C' high (whittnraehcd) at all corners. 

(2) A circle 30 yards diameter of broken metal or brtek balhst 

consolidated and whitcrfaahed, depth of metfll 8 • widtJx 

3 feet 

(3) Similar metal or brick for 20* from each corner pillar, nlong 

tho boundary consolidated and whitcirashed. 

(4) Bad ground should be marked «de Uwi< 5 >NftbaHjfchcd. 

0 «*»•*■ 



The circle i? to enable a pilot to pick up the ground quickly 
The pilUar?! arc to prc\ent encroachments 

The ^lute^sn^hcd metal or bncl la to diatingui^h the grounds in 
the air nom many other camping grounds and enclosures in the event 
of the circle not beinc conspicuous 

The approaches to landing grounds ate most important cspcciallv 
to small grounds If possible n machine descending at an angle of 1 
m 7, should be able to land on anr edge at any point without risk of 
touching any tree or other obstruction Telegraph and telephone bnes 
ate especially dar^erous as tlwy an mMsibh from the air 

(6) No “V acated Landing Grounds \> ill be kept up and they vail be 
marked only bj \\hitc^\ashed pillars to preaent encroachment 
There will be no circle and no boundary metalling neat cor 
nets There is no guarantee that the surface anU he good 
but they avill affoni the most likely landing ground for an 
emergency 

4 The policy regaraicg petrol sheds aud chorvkidarsis os follows — 

(c) Petrol Landing Grounds which arc much used are tohaaoapetrol 

shed on the edge of the aerodrome Arrangements avail h® 
made for the replacement by the R A S C of empty hy fuH 

tins Thekey Millbeeithcriuthccustodyofancarbyqnarter 

guard or I ept by a choaak dar If a guard or other rehawe 
person is permanently id the close vicinity to the 1^^ j 
no chowktdar a lU be necessary if there is no such safeguard 
near at hand a chowkidar shut is to be built close to the petrol 
shed and a cho-a’ idar employed Except for special reasons 
no choaal idara ^lU be employed on any ground except to 
guard petrol sheds or other RAT matenak 

(d) Emergency Landing Grounds arc not to haa e petrol sheds hmlt 

alongside No choa\kidar3 av ill be necessary except for specia 
rea'son‘5 

The following policy is to be adopted regarding Vacated Landing 
Grounds may be — 

(1) On Goa eminent land m possession if acquired or acquired 
by Govcinmcnt for other purjioses in the j ast 

10 
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CHAPTER IV. 


WASH-BOX AND TAR. 

The action of the wash-box or ‘sca! is laijrely similar to that of 
a check-vahe, to prevent the return of the pas to the apparatus. 
These «cals are penerally made with a ratio between the wash-box 
and the dip-pipe areas of about 25 to 1 It will, therefore, be 
obvious that if the dip-pipe dips, say, 3 in in the water of the wash- 
box, It will require but the ri«e of 3 in. of water pressure to force 
the gas through that seal, while before the pas can return from the 
box into the dip-nipe all the nafer m the bo.x would have to be 
forced back into the dip-pipc Taking the area ratio at 25 to 1, as 
before mentioned, while it takes but 3 in, pressure to force the gos 
into the box, it would require 3X25-75 in. pressure to force the 
pas back into the dip-pipe (Those figures are only approjdmate.) 
This same principle can be observed at a coal-gas works in the 
action of the hydraulic main. 

Cleaning.— The following precautions are advised by the 
American Gaslight Association committee with regard to the 
cleaning of a water-gas wa.sh-bo.x: 

“To insure safety the wash-box and connections must be thor- 
oughly ventilated There arc t^\’o arrangements of wash-box in 
u atcr-gas apparatus. In one the take-off from the wash-box is on 
top, and in the other it is on the side and connects directly ndth 
the scnibbor. The connection from the gas outlet on top of the 
superheater to the wash-box varies in lUfTcrcnt forms of water-gas 
apparatus. In most cases there is a lid on top of what is known 
.as the oil-lieatcr connection, which can be opened to clean the oil- 
liealcr. IMicre no oil-hc.atcr is U’sed the take-off connection from 
the superheater has .n hnnd-bolc cross at the top of the superheater, 
connecting the vcrfle.al rirer from the wash-box to the outlet 
branch on the superhealcr. I\'hero tlie wash-box has .a take-off on 
top there is .a vaho between the wa^h-box and the scrubber, which 
can be clo^e<^ and thus shuts off communication between the wash- 
box and scrubber. In this case, first open either the lid on top 
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requires, therefore, that the seal-water be returned to the seal by 
the use of a circulating pump, having separated from it all tar, 
etc., which is heavier than vxiter. The undecomposed steam in the 
gas should also ’ ” 

pensate for any 
any fresh water 
of special d( 
capacity of 

A rapid cir ^ ^ 

being arranged to run slowly. 

Where tar separators arc used the suction-pipe should be placed 
about 5 ft. below the surface in the last section of the separator, 
and the pump may then force directly into the seal-pot. 

Composition of Tar- — O'Conner, m his Gas-engineers’ Hand- 
book, gi\’es the amount of water contained m oil-gas tar upon leav- 
ing the apparatus as being 70 per cent. 

The followng tar analysis is taken from the work of Paddon 
and Goulden. The specific gravity of the tar was 0.900. 



Per Cent. 

Per Cent, bv Volume 


by Voluaic. 

Without Water. 

Water 

7G.5 

0.00 

Penzine 

0 2S 

1.19 

Toluol 

0.00 

3.83 

Light parafTing, etc. . . . 

2 0 

8 51 

Solvent naphtha (xylol) . . . 

4.15 

17.06 

phenol 

trace 

trace 

Middle oils (nnphth.a, etc ). 

6 93 

29.44 

Creosote oil and green oil . 

5 70 

24 26 

Naphthalene 

0.30 

1.20 per cent, by 
weight 

Anthracene coke 

0.22 (contains S 33 
per cent, anthracene) 

0.93 

Coke 

2.30 

9.80 





99.27 

97.20 

Loss 

0.73 

2.S0 




Total 

100.00 

100.00 


TIic following is an anah*«ii«? of water-gas tar from the Mutual 
Gaslight Company of Savannah, Georgia: 


Specific gravity at CO® F. 1.12St 

Free carbon 9.SA% 
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DISTILLATION mODUCTS, PER CENT. BY WEIGHT. 


Ammoniacal water 


0 15 

Oils, light— 17(f C 

9 IS") 


Middle. 

25 81 f 

02. 70 

Anthracene 

- 27 77) 


Pitch . . . . 


33 90 

Loss m anal} sis . . ' 


3.19 



100.00 


T . r ‘ 


under the head of Ser\aces 

In ordinarj' paint for wodwork it may be boiled down to such 
a consistency that it will “string” between the thumb and fore- 
finger. It should then be hcat^ to about 150“ F., and benzine 
added at the proportion of 1 gallon of benzine to 4 gallons of tar. 
No more of this prep.aration should be made up at one time than is 
required for half a day’s work. 

A method of utilizing oil-gas tar. which ho? been employed by 


top 1 ? fixed a pipe coil acting as a worm and ending in a suitable 
watef*conden«er 

The boiler i? pumped about half full of the watery tar as it 
reaches the well. All connections, save the end of the worm, are 
then closed and a fire started beneath the boiler. Evaporation 
takes place verj' rapidly, the worm first passing off aqueous vapor, 
then anthracene, and finally a fair quality of creasote. The residual 
left in the boiler or body of the retort is a fair quality of what may 
be termed oil-pitch, a commodity having much greater value as a 
preservative, pamting, or roofing material than has the ordinary 
oil-tar. 

The following formula for making tar pavements or side- 
walks IS given by a committee of the Americ.m Gaslight Associa- 
tion' 

“For pavement or sidewalks applied as a finishing surface 2 to 
3 in thick upon a foundation of broken stone or coarse clinker 
the top dressing of finer ashes or coke breeze, boil the tar until at 
CO” F It has the coiftistcncy of vaseline. In the absence of special 
furnaces for the work place a sheet of boiler-plate upon stones in 
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the ■N'icinity of the pa\'ing to be laid, so that it will be about one 
foot above the ground. On this plate throw building sand and 
underneath kindle a fire of wood or coke. Turn the sand over with 
a shovel until well heated. Gradually pour on the thick tar, mean- 
while turning and mixing the mass until the sand is umfonnly black 
and of such a consistency that a ball of it will just hold together 
while hot. ^\'hile hot and carrying the mixture in heated iron 
barrows or on shovels, apply whore nKjuirod, leveling with a hot 
rake and ram with a hot rammer. Then sprinkle the surface with 
fine sand and roll, using preferably a hea\y hand roller. This m-ay 
be made of a piece of cast-iron street main, with ends plugged and 
center filled with sand ” 

Tar-pumps. — In connection with the handling of tar and con- 
cerning the proper pumps for the transportation of same, the 
committee also has to say as follows 

*‘The principal pomts of vahe design to be obsened are that 
the valves sliould afford full, free openmgs, and that the scats 
should be so arranged that no lumps of hea\y tar or of solid matter 
m the tar will lodge on them .and proicnt the valves from closing 
tightly. A hmged valt c l> better than the ordinarj’ form of pump- 
valve, since in the btter form the center guide obstructs the opening 
to a great extent, while the lunged \alve offorda a free and unol> 
slTUCted openmg. These \ ab o;- are someutnes wath horizontal 
seats and sometunes wnth -eats uicluied at an ancle of 45*. With 
the inclined scat there is less dancer of any solid matter remaining 
on the scat and keeping the valve open. 

"One company that handles a pre.at deal of tar employs pumps 
in which the vaKes are hinged and the scats horizontal, and says 
that the) have found them to give complete satidaction. In tlii.<i 
case the valves an? not pronded with spring'*, beinc prevented from 
opening too far by stops and being closed by their own weight as 
soon as ihe pressure is removed from beneath them. In other 
pumps fpnngs .'in? used with the same kind of valves to keep them 
from opemng too far and to a-s^ist in closing them promptly when 
the plunger changes the direction of its travel. Tliesc springs 
should be made of iron or steel.” 

In h.andling tar a slow-miming pump, prefenably of tlie rotary’ 
tt-pc, should be u.«ed, with non-rcstricted orifices, all parts easy of 
acce«s for rcp.airs or cle.aning- The internal resbtance of the pump, 
by which is meant the resistance offered to the passage of tlie tar, 
should lx? a minimum. If, however, the reciprocating type of 
pump should be used, it should bo entirely of iron or steel with 
b.all- or trap-val\es and with extra large inlet .and outlet. The 
long stroke-pump will be found preferable, and the size selected 
should be at least double that of on equal capacity for water. 
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Separation. — There are ttvo occasions when tar should be con- 
densed or separateil from its accompanying medium, the first, 
that of tarry \apors m the gas, nliich conlmue as far as the puri- 
fiers and creath injure the purifying material by covering it with 
a thin, oih insulation, and yyhich may be remedied by placing m 
the inlet of each box a la\er of planer chips, or, better still, by 
devoting the first box in the senes* entirely to chips and shavings, 
tb&^c to be changed immediately upui) becoming foul. The other 
occasion i-. the separation of the tar from the water with which it 
leases the condeii'-ers, scrublier!*, or seal-pot Thu* separation is 
extremely adyu-able both for the prcseryation of the tar and the 
rendering of the water fit for reiieyyod use, and also because, m 
case the water, cither as a whole or in part, is not used again or 
finally finds its way to the yyorks drains or sewers, it should be 
free from all tar and heavier oils, which arc of incalculable detri- 
ment to if It lb the custom of many cities to prohibit the 
running of tar into their sewerage sjstemb, and inasmuch as it 
discolors any neigliboring watercourse its disposal through drain- 
age inyanaljh lictnmcs a tonviderablc incubus 

i'or tlic separatum of the tar from the water, honetcr, under 
conditiona such a-* yye have just recited, a form of separator or 












Fiq 12 — Tar-bcparator. 


skimmer is illustrated in Fig 12 Tins is little else than a long, 
oblong trough, in which the greater the yyidth the better, the veloc- 
it> of flow being thereby decreased In this trough are placed lat- 
eral partitions or skimmers marked a The intervals between them 
are about IS inches Alternate partitions reach from a foot aboye 
the y\ater-line to within a foot of the bottom of the box, while 
intermediate partitions reach from about 4 inches from the bottom 
of the box, or through to a point, say, 4 inches beneath the water- 
line The sides of the trough should be equipped with proper 
bungs for drawing off the tar, and to insure perfect separation the 
outlet of the ' • « • - - - * .i . , ► 

Ring or fine ng a 

xerv pood m; . yyell 

to have upon the outlet a trough yyhich may be filled loosely with 
pieces of coke, yvhich yyiU be found an excellent strainer, as the 
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rough side of the coke adheres to the passing tar which attaches 
to It and serves to give the water its final purification. The coke 
should be mamtained m a cleanly condition, the fouled coke being 
burned. 

A limited amount of water-gas or oil-tar can be used to some 
advantage on the generator of a water-gas set, and ill be found 
to have an enriching quality of between 5 and 6 candles per gallon. 
Not more than one-half gallon of tar, however, should be admitted 
to 1000 cu ft. of gas manufactured. The tar should be pumped 
into the top of the generator preferably with an oil-spray, similar 
to that used on the carburetter. 

The West Chester {Pa ) Gas Co is using a cream-separator, 
such as are used bj’ dames, for the separation of water-gas tar 
from Its entrained water A similar separator for this purpose is 
made by Jlessra. Geo Shepherd Pace Sons in England. 



Fio. 13 — Steam-spray Tor Burner. 


Burning Tar. — ^The chief disadvantage in using tar in com- 
bination ^ith oil as an cnriclicr appears to be the clogging of the 
checker brick in the carburetter and superheater, .so the more gen- 
■ ■ ' ’ - under tlie boilers, which 

* steam-jet spray before 
aring tar for this usage 
is by the use of two (.anks, in the larger of which a large steam-coil 
is in<ertt^l, by which the water is evaporated, thus leading a pure 
oil-tar re«idual. TJiis tar is then drawn off into the second tank, 
from whence it is fed directly to the burner. The lc\cL3 of these 
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tanks should be arranped, if possible, so that this last operation 
maj be performed by pravitj. It is stated that 2 6 gallons of oil- 
tar are equal to a bu'-bel o! coke as fuel under steam-boilers. A 
form of burner is shown m the lUu^tratlon 13). 

Kewbipginp’s Handbook, gives G gallons coal-tar as being the 
equivalent of three bushels of coal when properly fired under a 
boiler. 
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rough side of the coke adheres to the passing tar which attaches 
to it and serves to give the water its final purification. The coke 
should be maintained in a cleanly condition, the fouled coke being 
burned 

A limited amount of water-gas or oil-tar can be used to some 


to that used on the carburetter. 

The AVest Cliester (Pa ) Gas Co is using a cream-separator, 
such as are used by dau-ies, for the separation of water-gas tar 
from its entrained water. A similar separator for this purpose is 
made by Messrs. Geo. Shepherd P.^gc Sons m England. 



Fio. 13. — Steiun-fpniy Tar Rumer, 

Burning Tar. — The chief dradvantage in using tar in com- 
bination i\ith oil as an enrichcr ap^ars to be the clogging of the 


descn'fxxf. An oxceffent method for preparing tar for this usage 
is by the use of two tanks in the laigcr of ^\hich a Largo slcam-coil 
is inscrttsl, by which the water is evaporated, thus leaving a pure 
oll-tar residual. Tins (ar is then drawn olT into the second tank, 
from ^\hcnce it is foil directly to the burner. The levels of these 
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tanks should be arranged, if possible, so that this last operation 
may be performwl b\ gravity. It is stated that 2 G gallons of oil- 
tar arc equal to a budiel of coke as fuel under steam-boilers. A 
form of burner is shown in the illustration (Fig. 13). 

Newbiggmg’s Handbook gives 6 gallons coal-tar as being the 
equivalent of three bushels of coal when properly fired under a 
boiler. 



CHAPTER V. 


SCRUBBERS. 

As a matter of fact the seal-pot or w ash-box is the first in the 
series of punfyinR apparatus in .a water-gas settinp;, but the passage 
of the pas is relatively so rapid at this point as to make its action 
extremely imperfect, and the first heavy duty in cleansing and 

E urification devolves upon the scrubber, which succeeds the wash- 
ox in senes nntl precedes the condenser. 

Operation Details. — Great c.arc should bo taken with the regu- 
lation of water in this apparatus, as a surplus tends to wash out 
and carry off mccliamcally the heaMcr hydrocarbons. 

This water should usually be the overflow from n multitubular 
condenser, unless tins should run too high in temperature. A 
fresh-water connection should always be available for such occa- 
sions, when a sufficient amount of cold water may be admitted to 
lower the pas to the degree required, namely, about ITO” to 190®, 
at the outlet 

The material used to fill scrubbers is generally that presenting 
the greatest pos<!lb!c .surface to the action of the pas and water. 
King's Treatise recommends the use of small stones, pebbles, coke, 
brickbats, tile^*. or timber. Of these matcriirB coke is perhaps the 
best by rc.a«on of its lightness, although it has a tendency to crumble 
should the height of the column be sufficient to produce a crushing 
weicht. 

Trays. — Sir George Lhescy is responsible for the method of 
using trays of thin boards J In thick, 3 in. high, and f-paced 
3} in. npart, having an area proportioned \o the diameter of 
the scrtihhcr. The most common nractice is to u«c boards ? inch 
to } in. thick, 4 inches to 10 in. Iiigh, and made up with about 
j-inch 5p.accs between. TIiC'c <ra>*s arc pfacocf fion'zontaffy within 
the scrubber, tier by tier, in a m.'inncr known as "thatched,” or 
one tier placctl so that its length is at right angles to that of its 
predecessor. I‘rops or supports are usually plac^ at certain inter- 
vals to allow the gas to rwistribulc and to facilitate the removal 
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of a portion of the tray without removing the entire contents. The 
relative merits of such tra\*s a-s described and those of coke arc 
about as follows: 

For the coke, liehtness, cheapness (the coke may be burned 
after h becomes saturated), and the comcnicnce of the installation. 

That claimed for the boards or trays, freedom from stoppage, 
ability to be cleansed and used a^ain, greater contact service for 



both pas and water, slower speed of travel of gas, greater efficiency 
for space occupied 

Sir George Livescy gives the following comparison of mate- 
rial for each cubic foot of space occupied: 

Contact surface of coke, SJ sq. ft per cu ft. 

Contact surface of boards, 31 sq ft- per cu ft. 

Coke occupies J cubical contents 

Boards, t". spaced 1" centers, occupies J cubical contents. 

Sprays. — ^The greatest difficulty to be overcome m wet scrub- 
bers is to obtain an even distribution of the water-spray over the 
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material. There are for this purpose a number of devices, some 
of which are movable, as the tourniquet pattern (sec Fig. 14). But 
perhaps the more practicable are such devices .as the Gurney 
jet and the radial spray, as illustrated. These last-named should 
be carefully regulated as nearly as possible to throw an equal 
amount of water evenly distributed over the entire area of the 
scrubber. 

Water Analysis. — In water analysis for all practical pur- 
poses, It IS customary to dmde the operation into tuo parts: 

1. Total Incnistmg Solids- Oxide of Iron, Calcium Carbonate, 
Calcium Sulphate, Magnesium Carbonate, and Magnesium Sul- 
phate 

2. Non-Crustmg Solids: Magnesium Chloride, Alkaline Car- 
bonates, Alkaline Sulphates, and Alkaline Chlorides. 

In a rough-and-ready analjsis it is usually enough to begin 
\rith, say, muddy water, scttl^, decant, weigh sediment; filter, 
weigh suspended matter Take 250c c filter^ water and titrate 
with decinormal IICI, using methyl orange as indicator. This 
gives total alkalinity of carlmnalcs To the same sample add 
excess NHj, precipitating AljOj, Fc» 03 , and most of the SiO^; fil- 
ter, Ignite, and weigh oxides 

Precipitate calcium in this sample wath ammonium oxalate; 
filter, ignite, and weigh as calcium o.xidc 

To the filtrate add sodium phosphate and more ammonia; 
filter, ignite, and weigh; calculate as magnesia. 

To this filtrate addflCl ami UaClj, weigh as barium sulphate 
and from it calculate the siilpluinc acid. 

On a second 250 c c fi,amplc. determine chlorine by titrating 
with standardized silver nitrate, ming potassium chromate as 
indicator 

The probable combinations may be workcil out thus: Calcu- 
late all magnesium a.s carbonate (if excess of m.agncsium remains, 
calculate a.s sulphate); combine excess of CO> with calcium (if 
further excess of COj remains, combine with sodium); calculate 
remaining calcium a.s sulphate, remaining sulphuric acid with 
podium, and chlorine with sodium. This is applicable to boiler 
waters and gives reasonable accuracy. 
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CONDENSERS. 

Tiierk is, perhaps, no »tem in the manufacture and distribu- 
tion of Ras more important than Us proper condensation. This 
fhould he between two limits. Tlie first, and probably more im- 
portant to avoid, the i-udden c<x>lm 5 of the gas, contracts the 
%apor and causes a precipuaiion of the benzol vapors and hen^^e^ 
liydroearbon.s , the second requires that all condensation should, 
if pos.sible. lie removed from the gas before leaving the works, as 
otherwi.se stoppages m the mams, produced cither from the low 
heat in the machine, caO'^mg tar. or the high heat, fomung naph- 
thalene and lampblack, "ill invariably rum the meters, causing 
the diaphragm to becorne hard and stiff, closing servlres, reduc- 
ing pressure, forming tfops, and especially afTectmg Welsbach or 
incandescent burners 

Temperature. — In order to obtain proper condensation a care- 
ful study of the prevaihng conditions must be made in each 
case and test of the teipporaturc of the gas made at V’anous junc- 
tures in its passage through the works The writer suggests the 
following approximate temperatures wluch should follow as the 
result of gradual condcP^tion: 

Outlet of Deg. F. 

Wash-box 220 

Scrubber . . 170-190 

First condensers 120 

Relief-holder 70 

The last depends bome"hat upon the temperature of the atmos- 
phere 

It is manifest that in order to prevent shock or sudden chi]] 
to the gas the coolest giis and the coolest water should be brought 
into contact; for example, cold water only should be turned 
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into the last condcn<:er, the overflow from which goes back into 
the scrubbers and in turn into the seal-pot, thereby causing the 
current of water to flow m opposite direction to the current of 
gas, the water gradually warming and the gas gradual!}' coolbg 
eo that the isatcr at the seal is almost of an identical heat mth 
the gas, being warmed throughout its passage; uhile at the relief- 
holder the gas IS of a temperature identical with that of the water, 
being cooled throughout its travel. 

Jas S Mclihenny, engineer and superintendent of the Wash- 
ington (D. C ) Gaslight Co., has designed a system of condensing 
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apparatus «hicli verj- nicci} proportions and graduates this cool- 
ing process, and >\hich. through an easily controlled mechanism, 
accurately and mathcmalic.aliy apportions the c-xact amount of 
cooling Mirhacc nccessaiy to the gradual cooling of any given 
amount of gas This apparatus is capable of accommodating 
itself to a \er}’ large or small quantity of ga'i output 

Surface. — As to the amount of condensing surface nece^sar)' 
to pnipcrly cool a given amount of gas, authorities clifTcr lerj' 
vidcly Butterfield, one of the licst Kngli-h aiitlioritics, giics 
150 to 200 sq. ft. comlen'lng surface per l(XK) cii. ft. of gas pas-cil 
per hour. Is'cwbigging gives 10 sq ft. per cu. ft. per minute. 
IVrliaps one of tlie best is Kai-snor's rule of 3 G5 sq ft. of cooling 
surface per 1000 rti. ft, per 24 hours as a minimum and 1 5(5 sq. 
ft. jicr KKX) cu. ft. ns the Iicst practice. The above calculations 
were made for atmospheric condensers. 

In multllubular uatrr-condonscrs, wnerp the dilTerencc in 
temperature between the g.s-s and the cooling mcilium c.an be 
regulated by the amount of water admitted, the amount of sur- 
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face depends naturall 3 ’ upon the reduction in temperature re- 
quired Suppose it were necessary to lower the temperature of 
the gas 63“ (that being the extreme difference in temperature 
between the gas and the water at the gas-inlet of the condenser) 
to an a%erage difference of 36 5“ F . it woild then be necessary 
to have 1.71 sq ft of water-cooled surface and 1.19 sq. ft. of 
air-cooled surface per 1000 cu ft of gas per day. 

If the water is passed through the tubes and the gas outside 
the tubes in the condenser, then the shell usually affords about 
1 sq. ft of air-cooled surface m addition to the water surface 
\Mien the gas is passed through the tubes there is no air-cooled 
surface except the small amount around the gas spaces at the 
top and bottom These condensers will show average differences 
m temperature between the gas and the water of over 10“ F., 
and their great difficulty, as is almost invariably true with all 
water-cooloi sj’stems of condensation, is that the chilling of the 
gas IS too sudden and a precipitation of the illuminants thereby 
results 

The wTiter is of the opinion that the burden of testimony b to 
show that at least 8 or even 10 sq ft of water-cooled surface 
should be installed for each 1000 cu ft of rated maximum capacity 
per day of the condenser, and that, such apparatus being at the 
command of the works engineer, ho should then closely watch 
the temperature of his gas throughout its course, and, by the proper 
admission of water into the watcr-inlct of his last condenser, main- 
tain a gradual and equal cooling throughout the entire process. 

A G Glasgow in 1892 made the statement that it required 
90 gallons of w'ater per 1000 feet of water-gas manufacture for 
condensmg, cooling, and scrubbing Of course the amount of 
water required for condensmg gas to any given temperature will 
depend largely upon the area of the condenser and atmospheric 
conditions 

Essential Principles. — Next in order to the recuperation of 

of 

me 

mate, etc , as to make impossible any arbitrary procedure in the mat- 
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The pas«a"e of the pa5 should be slower at the commencement 
of its condensing course, and its impimring during the mechanical 
portion of its passage should be less violent than later on, where 


temperature is reduced very gradually and the direction of the 
flow of gas and water arranged in reverse directions. 

It must be remembered that the affinity of gas for water at any 
temperature is very great, and that it will take up and recombine 
with substances at any stage of manufacture or distribution, the 
principal points of contact being the hydraulic m.'un, seal-pot, 
scrubbers, purifying-boxes, station meter, and the water-seals of 
the holder, the last named being much more important than is 
commonly realized. 

The writer therefore suggests greater condenser capacity with 
ft slower rate of flow, and a conden«er, dry scrubber, or shavings 
purifier containing some absorbent to be placed at the outlet of 
the storage-holder or immediately adjacent to the distribution 
outlet. This would allow but one remaining ch.nnco for the reab- 
sorption of condensed materials, such as arc found m the drips along 
the mams These drip-pots should be maintained as clear and 
free from deposits as possible, a matter which would not prove 
difficult where the gas handled is dry and originally free from 
moisture 

As has been before said, the theory of condensation requires 
that, with each degree of decrease in temperature on the part of 
the ga-s, a portion of aqueous vapor or water be deposited; and 
that this shall be done gradually and without e.xccssive friction 
upon the gas, so that the hydrocarbons wall not be disturbed, is 
the fine art of proper condensation As will be seen, this deposit- 
ing of w'ater on the descending scale of the thermometer is theoret- 
ically directly the reverse of fractional distillation. Unfortunately 
this docs not work out completely in practice, for two reasons, 
viz.; first, that in this precipitation the entrained hydrocarbons are 
mechanically soparatcti; and, second, the aforesaid affinity of gas 
for water under any condition tends to it.s recombination at any 
periivJ cS its travels; also fJic voJiunc of the gas may be dug to 
pressure a.s well as temperature. The point of complete saturation 
of gas for hydrocarbon vapors is extremely uncertain, the behavior 
of the gas being different under vary'ing conditions, environment, 
and pressure. It would seem that a sy stem of dry condensation 
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would be c\trcmelj' advantJ^eoiis, which would afford the gas no 
opportunity to recombine with moisture, for tins recombination 
and subsequent precipitation constitutes a washing process which 
eventuaily removes from the gas a considerable proportion of its 
hydrocarbons. 

The difficulty has been that anydry desiccatmg material, during 
its first stage of use or when first renc%\ed, would act too harshly upon 
the gas, mechamcally stnpping it of many of its valuable contents, 
while later on, when permeated with these ingredients, it would 
reach the point of saturation and cease to act at all A material, 
if found, which would maintain for anj* length of time the mean 
between the^e points, would prove a valuable aid to purification 


to the consumer of a perfectly dry gas is most marked not only 
by the avoidance of nanhthalcne and various deposits, and the 
damage done to the diaphragms of meters, incandescent mantles, 
ranges, etc., but the removal of moisture promotes a very consider- 
able increase of candle power, in addition to which the flat'flarae 
light Ls whitened and materially improved m color and luminosity 
This feature has been proved Gy experiments m high-pressure 
transmission, results showing that about 65 per cent of moisture 
can be taken out of the gas by 10 lbs per sq. in. compression, 
while at 20 lbs. pressure practically all moisture disappears. Pro- 
portionately, however, the greatest amount of moisture is removed 
up to and by a compression to 6 lbs. per sq. in. 
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vater; 
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‘ . . . • * the discolora- 

hydrogen con- 
exposure. 

■ . 'esenco of am- 

monia, only ‘ ‘ ’ ‘ ’ * . • • 

The test of gas 

to impinge « paper. 

If the paper ^ nee of 

tar in the gas is indicated. A continuous t^t for tor may be made 
by passing a stream of gas through a test-tube loosely filled ^\ith 
cotton-wool, in which case should tar be present the wool will 
become discolored. 

The places at which these tests should occur nre usually such 
situations as would indicate the complete or imperfect pas purifica- 
tion, as, for example, the test for ammonia would bo the outlet of 
the I-ist scrubber or washer; that for CO» and H2S generally at the 
last purifying-box in the series; and that for tar at the outlet of 
the tar-extractor, condenser, or even the sieht-cock in the super- 
heater. It is sometimes necessary, howex’cr, to make tests for 
tar and other condensations (for which purpose the cotton-wool 
test IS preferable) in the center of the di-^tribution system, or at 
the fixtures of some consumer; this is necessary when tar, naphtha- 
lene, or other mechanical Impurity h causing trouble to gas arcs 
or other incandc^cont-lighting burners. 

Purifying-houses are not an absolute necessity, as it is possible 
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to maintain the boxes at a proper temperature by means of a 
steam-coil, although it is the experience of the writer that even in 
the colder climates the chemical action occurring in the box gen- 
erates suffioient heat to tlelivcr the gas at the outlet at an equal 
temperature, if not greater, than that at which it enters the box. 

' « « • ... . . 

\)Oxes 13 
• of explo- 
sion, due to the formation of explosive mixtures m purifying- 
houscs, is entirely obviated. 

Leaks. — In leaks in holders and purif)'ing-bo\cs occurring be- 
tween the lap of the plates where such plat« arc too thin to calk 
and inclined to buckle and separate, a temporary stoppage can be 
•made bj’ rolling tin-foil into Em.all rolls anti calking m between 
the phites with a sharp tool, after which the whole should be heavily 
Ehellacked 

Precnuiion'i. — Explosions have often occurred m purifying- 
hou«es through the bre.aklng of incandescent-hgbt bulbs This 
should be guarded ugainct. Lamjis have been succcs-sfully used 
wnth a double screen, incrc.nsing the size of the wire one-half 

Preservation — film of heavy petroleum or lubncating-oil 
carried upon the seals of punf> ing-bo\es tends to present the 
nisting of their sheets 

Sulphur Removal. — The chief reason for eliminating sulphur 
and sulphurous compounds from gas is the fact that they burn 
to sulphurous oxide, a compound dkagrccable to breathe and 
on some occasions forming exceedingly Ptnail quamitioa of II 2 SO 4 
The amount of sulphur in gas, however, as ordinarily purified, 
is too small to be appreciable. 

The two methods of purification most commonly in iisC may 
be stated as 

1. Purification where the material is handled for revivifying, 
and 

2. Revivifying in situ. 

It is nof the desire of the writer to discuss the vanous .advan- 
tages of these two methods; they depend for their adoption largely 
upon the relative cost of labor and installation 

In the tn situ method probably the liest plan is to connect a 
small air-pump, sucli as that made by the Connelly Iron Sponge 
& Governor Corap.any, in such manner th.at somewhere in the 
neighborhood of 1 per cent, of air is admitted into the punficiN 
vrith the gas and thus revivifies the oxide from the effects of 
the sulphureted hydrogen Even with tins method, liowever, 
the oxide must be periodically changed, a-s it becomes foul with 
tar and oil; also the moisture in tho gas eventually causes (be 
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Testing for Impurities. — The following arc the simplest quali- 


iitjii, ii.> pii.ji.iiLi. viiiiO/ uiii uv iiiuicuieu oy uie Ubcuiuration of 
the paper, a shade of brown appearing, the amount of the discolora- 
tion depending upon the quantity of sulphurctcd hydrogen con- 
tained m the gas and the length of time given to tlie exposure. 

A similar test to that for H2S is made for the presence of am- 
monia, c ’ ‘ ■ ’ * ■ ate of lead. 

The a stream of gas 

to impir . inglazerl) paper. 

If the paper receives a dark, dirty, or tarry stain, the presence of 
tar m the gas is indicated A continuous test for tar may be made 
by passing a stream of gas through a test-tube loosely filled with 
cotton-wool, in which case should tar he present the wool will 
become discolored. 

Tlic places at nhich these tests should occur are usually such 
situations .as would indicate the complete or imperfect gas purifica- 
tion, a-s, for example, the test for ammonia would be the outlet of 
the last scrubber or washer; that for COj and HjS generally at the 
hast purifying-box in the series; and that for tar at the outlet of 
the tar-cxtr.actor, con(Ien«cr, or even the sicht-cock in the super- 
heater. It is sometimes necessary, however, to make tests for 
tar and other condensations (for which purpose the cotton-wool 
test is preferable) in the center of the distribution system, or at 
the fixtures of some consumer; this is necc>sar5' w lien tar, naphtha- 
kwe.OT othet impurvly is cavisieg tTowble to gas arcs 

or other incandesccnt-lichting hiimers, 

rurifying-houscs are not an absolute necessity, as it is possible 
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to maintain the boxes at a proper temperature by laeaii^ v' j. 
steam-^oil, although it is the experience of the writer that *•••«. ti. 
the colder climates the chemical action occurring in the i«i'x 
crates sulTicient heat to dolixer the pas at the outlet at ai. e-r^' 
temperature, if not greater, than that at which it eute’> tij» Lr-t'„ 
For exposed work, howcier, he strongly recommend'* boj.i^ ,/ 
Doherty-Buttenvorth t\pe The maintenance of fj'L i 

practically reduced to the annual painting, and the o' iv - 

sion, due to tlie formation of cxplasivc mixtures in 
houses, is entirel} ulmalcd 

Lcak-i . — In leaks m holders and punfymg-lioxff 
tween the lap of the plates where such plates arc Uxj thii to * 
and inclined to buckle imd separate, a tcmpo.arj' 
made by rolling tm-foil into small rolls am! calking ju 
the plates with a sharp tool, after wluch t he whole hliwld t,*- 
shellacked. 

PrcrnitUony — IXjjIo'ions Imc often occiirrn'l jii pi*)'*' 
houses through the breaking of mcandc'cciit-hgbt h'ti'j • 
should be guanlod against Lamps ha\c liccii 
with a double screen, increasing the size of (he win- onn-ji.'- 

Prescrvafion — A him of licasy petroleum or Jnbf.i.*,,, 
carried upon the seals of punf>mg-boxe.s tends to po .»• 
rusting of their sheets 

Sulphur Removal.— The chief reason for (■Iiini«..4M' . 
and sulphurous compounds from gas is the finl th,.* t 
to sulphurous oxide, a compound disagri“cahh‘ to br 
on some occasions forming exceedingly small fpiaf/ti'.(, . , 

The amount of sulphur m gas, however, as oidn* ^ . ' 
is too small to be appreciable ■* 

The two methods of purification most comiiionlk , 
be stated as 

1. Purification where the material is Imiidhyi f,,. .. 
and 

2 Revivifying in situ 

It IS not the desire of the writer to discuw tl.i' \ , 


small air-pump, such as that made by the ' ' 

& Governor Company, in such manner that ~ 

neighborhood of 1 per cent, of air is adinittfd ‘ 

with the gas and thus re\i\ifies the oxide 
the sulphureted hydrogen Kixm with (lus ' 

the oxide must be periodically changed, as it l,c. , , " - '• 

tar and oil; also the moisture in the gas eMs-.... ’ " ’ *' 
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oside to crj'stallize and become hardened, thereby materially 
increasing the back pressure. 

Purifying Material.— T\Tiere it is desirable merely to remove 
from the gas sulphureted hydrogen, oxide of iron can be manu- 
factured cheaply and of good quality as follows: A large quantity 
of cle.an gray iron borings, free from steel, brass, and other metals, 
should be put in a trough similar to those us^ for mixing con- 
crete To every 500 lbs of these borings 20 lbs., say, of crys- 
tal rock salt may be added and the whole wet doWTi b}* throwing 
on buckets of water .after the manner of slaking lime. The mix- 
ture should then l>e turned with a fork and again wet daily, all 
lumps and hard particles being broken up, sifted, or thrown aside, 
until oxidation is complete It ma 3 ’’ then be mixed with clean 
shavings containing no pine rosin or other gum, at the ratio of 
56 lbs of the oxide of iron to a hiishel of the mixture 

In those instances where it is reganled .advantageous to re- 
move carbon dioxide from the gas (in regard to which see table 
on E/Tect of CO» on Candle I’ower) lime mvH he used and should 
be slaked after the following manner A I.iycr of the best lime, 
any 5 in thick and unslaked, sliould be evenly' spread on the 
floor of the trougli .v> dcscnborl .iliove It should then be W’Ct 
by throwing on buckets of water At no time should n hose be 
used, as the largo^^t po-sibic qu.mtity of water should come in 
contact with the greatest surface of lime simultaneously. Small 
jets of water tend to slake the lime unequally and to make it 
hard and full of lumps, licsides causing a large portion to be burned 
out and inert 

The iron borings used for reduction to oxide of iron may 
be tested by p.issing through a .«!crccn with .a mesh not greater 
than J in ' Bonrig*!, obtainable from the average m.acliine-shop, 
arc coated with lanl-oil, or other gre.nse usetl for the lubrication 
of the cutting-tool 'Hus oily coating .cen'es ns an insulation 
ag.ninst oMd.ation, but can be in a degree overcome by’ the mix- 
ture with the borings of unshaked lime before their wetting with 
water or brine. 

Capacities of Purifiers. — In purification the slowest possible 
x'elocity should be obtained in order to pennit time for chemical 
combination. It should not materially exceed f in. per second, 
con'klering the box empty. Tlie purifying material genemlly’ 
occupies about three-fourths of the content.? of the box, leaving 
one-fniirth for voids. Tliegas will therefore actu.ally p.as.s through 
llie^e voids at a xelocity of nltoiit J in. per .«ccoiuI 

One of tlio largest ga.s-engineeriiig conconis in Aincric.a con- 
structs its lK)Xes for ordinary rniiditioiis upon llie following cal- 
cukations: Taking a xclocily of ^ in. per second for the area of 
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a purifying-box (which is cqunalent to a velocity of 1440 ft 
per 24 hours), each square foot of purifying area can purify 1440 
cu. ft. per 24 hours The following table of capacities has been 
figured from tlic above and will be found satisfactory for or- 
dinarj’ conditions 

Sue of Boxes, Approxunalc Capacity per 24 Hours, 
i'cet Cv4>ic Ftet. 


fix s 

70,000 

8X S 

92,000 

8X10 

115,000 

8X12 

138,000 

10X10 

144,000 

10X12 

173,000 

12X12 

207,000 

12X10 

270,000 

IfiXlG 

369.000 

10X20 

401,000 

20X20 

570,000 

20X24 

691,000 

24X24 

828.000 

24X30 

1.037,000 

30X30 

1.296,000 

30X30 

1.555,000 


The above capacities arc for ordinary conditions and for 
proper depth of purif> mg material when oxide is used, the active 
oxide being between four and fi%c feet m depth 

It will be noted that almost all the empinc formula given 
for ndding crude ga^ of are base^l upon coal-gas purification, 
and mahmuch as coal-gas contains from 4(K) to 800 grains of sul- 
phur compounds and carbureted water-gas contains only about 
10 to 15 grains of the same per 100 cubic feet, a smaller area for 
punfication wall s■er^e in the case of water-gas than that desig- 
nated by old authorities 

Clegg’s rule for the area of purifiers was 1 ft. area for every 
3000 cu ft. made per day 

Newbiggmg’s rule for the area of purifiers is- The maximum 
daily make multiplied by 6 and divided by 1000 equals the num- 
ber of square feet area in each purifer. 

Anderson’s rule for lime purifiers was that the rate of flow of 
gas through the purifier should not exceed 2000 cu. ft per toot 
of vvirface per 24 hours. 

As to construction, the thickness of cast-iron purifier plates 
fchould never be less than | of an inch, and they should be the 
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best quality of casting. The usual uidth is 5 ft. Flanges for 
bottom plates should be 2J m. by | in. over and above the thick- 
ness of the plate. Strong brackets should be fixed under each 
lute, as the stram is greatest at this point. Larger plates than 
5 ft. square are liable to warp m casting. 

The depth of water-seal in punfiers varies from 12 in to 30 in., 
the width from 4J in to 8 in. As a matter of fact the seal should 
never be less than 18 in 

A formula for calculating the sire of connections on purifiers 
is as follows: Diameter of connections m inches equals the square 
root of the area of purifiers 

The economical depth of o.vide seems to bo between 4 and 
5 ft , regardless of the area of the box 

As a matter of fact the installation of purifiers beyond a ccr- 
tam extent is largely a matter of first cost. Whcreitispracticable 
to make the expenditure, the four-box system, ha\ing a center 
valve by which any combination of three can be made, is most 
advantageous The punfication of gas is a dual process, being 
partly mechanical and partly chcmic^. For example, the sulpliur 
is removed by chemical union with the oxide, while tar, oil, and 
condensation arc removed by impingmg upon the purifying mate- 
rial. It is, therefore, a marked advantage to have an ample 
equipment affording suHicicnt area for purification and at the 
same time enabling a rescive, so that while one box is thrown 
out, the balance of the equipment is ample to cany* on the work. 
This throwing out or cleaning should bo done in rotation, making 
connections permitting of any possible combination between the 
boxes j 

In passing gas already punfied through foul oxide it is pos- 
sible to pick up impurities in transit, such .as CSj. It is, there- 
fore, manifest that the pa.ssage of the gas should bo so conducted 
ns to pa.ss the foul gas fir&t through the dirtiest box, or that least 
recently cIe.anod It should then pa'^s through the boxes in such 
order as to leave the cleanest box last, it being arranged, if pos- 
sible. that the last box in the scries be kept as absolutely clean 
as practic.able, thereby rcmo%’ing from the gas any impurities 
which may remain in it due to a surcharge or a lack of combining 
strength of the oxide in the preceding boxes, which may, posriblj’, 
have passcil the point of chemical saturation. 

In many works it is customary of late years to build concrete 
purifiers, tlic«e having the ndvantarc of cheapness and extreme 
durability. It is also possible to build these out of doors, tlicrcby 
cfTocting a saving of floor-space inside the w orks, lessening the orig- 
inal cost of buildings, etc. The«c boxes are not as convenient for the 
haidling of purifying materials as the elevated box. High boxes 
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greatly facilitate the labor in remo\in!i and replacing llie oxide 
dunni rcMvifymg where the in situ method is not adopted, ns they 
are built with dmnpmg-tra\a and cleanms-talvcs winch enable the 
workmen to readily drop the entire c«>ntent-> upon the floor below. 
This floor, bv the way, ^hould be either of concrete, cement, or 
brick, by re.v-on of the great heat attained by the sulphur in the 
oxide during Us rerombination with oxygen In fact, all portions 
of the purify ing-huu'C should be well ventilated and as nearly as 
possible tire-pr<iof. Ivine-teiilhs of the explosions occurring in gas- 
works bajipen in thL^ dep.irtment. the danger being greatly’ dimin- 
ished where there L' free ventilation, and where any gas escaping 
tliruu.h blow in-’ -boxes. e\.i>*'ra1n>n of water from the lutC', leaks, 
etc , doc' not have an opportunity to collect m sufficient quantities 
to form an explosive mixture Only electric incandescent lights 
•■hould be permuted in purify iiig-liouscs. Where they can be used, 
rever-ing \al\C3 or center valves are unquestionably of great 
advantage over the old and complicated multiple-valve system, and 
will be found a great economizer of sp.ice and time. 

AlakIngOxide. — The follow mg synopsis of purification is taken 
from one of the publication'' of the Gas Machinery Co : The sesgui- 
hydroxidc of iron, Fo:(OII)«5. is the most activo form of "oxide," 
but IS very unstable, dccompo'sing when healed to about 100* and 
forming I C 2 O 3 3HjO This last compound forms the most active 
constituent of "o.xidc," combining with the sulphurcted hydrogen 
in tw'' "’ays 

FcaOa.OHjO+SHiS-FciSa+OHaO or 

FesOa 3ll20+3H2S=2FcS+S>+6H20. 

The bulk of the sulphurcted hydrogen is absorbed according 
to the first equation, probably' about one-fifth according to the 
second equation 

\’arious methods arc used to make oxide, the principal object 
being in every case to obtain the feme oxide m as fine a state as 
possible and intimately mixed with soft-wood chips, shavin'-s, or 
sawdust Pine or spruce shav-ings arc best, as they contain no 
objectionable tannic acid found m oak, poplar, or whitewood. An 
oxide should alw ays be alkaline 

Method I — Mix clean fine cast-iron bormirs with sal-ammoniac 
in proportion of 20 lbs to 1 oa , distribute on floor m lay cr of about 
G inches, and allow it to rest for at least three weeks, turning and 
wetting the borings every few days Hfix with soft-wood sliavings 
or chips, previously wetted to make material weigh about 40 lbs. 
per cubic foot. 
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best quality of casting. The usual width is 5 ft. Flanges for 
bottom plates should be 2| in. by } in. over and above the thick- 
ness of the plate. Strong brackets should bo fixed under each 
lute, as the strain is greatest at this point. Larger plates than 
5 ft. square are liable to warp in casting. 

The depth of water-seal in purifiers vanes from 12 in. to 30 in., 
the width from 4J m. to 8 in. As a matter of fact the seal should 
never be less than 18 in. 

A formula for calculating the size of connections on purifiers 
is as follows Diameter of connections in inches equals the square 
root of the area of purifiers. 

The economical depth of oxide seems to be between 4 and 
5 ft , regardless of the area of the box. 

As a matter of fact the mst.allation of purifiers beyond a ccr- 
tam extent is largely a matter of first cost. Where it is practicable 
to make the expenditure, the four-box system, having a center 
valve by which any combm.ation of three can be made, is most 
advantageous The purification of gas is a dual process, being 
partly mechanical and partly chemical. For example, the sulphur 
IS removed by chemical union nith the oxide, uliile tar, oil, and 
condensation are removed by impinging upon the purifying mate- 
rial. It IS, therefore, a marked advantage to have an ample 
equipment affording sufficient area for purification and at the 
same time enabling a resen-e, so that while one box is thrown 
out, the balance of the equipment is ample to carrj’ on the work. 
This throwing out or cleaning should be done in rotation, making 
connections permitting of any possible combination between the 
boxes. I 

In passing g.as alrc-ady purified through foul oxide it is pos- 
sible to pick up impurities in transit, such as CSo It is, there- 
fore, manifest that the pas.s.agc of the gas should be so conducted 
as to pass the foul gas first through the dirtiest box, or that least 
recently cleaned It should then pass through the boxes in such 
order as to leave the cleanest box last, it being arranged, if pos- 
sible, that the last box in the series be kept as absolutely clean 
a-s practicable, thereby removing from the gas any impurities 
which m.ay remain m it due to a surcharge or a lack of combining 
strength of the oxide in the preceding boxes, which may, possibly, 
have pa«‘'cd the point of chemical saturation. 

In many uorks it is customarj- of late years to build concrete 
purifiers, these having the advantage of cheapness and extreme 
durability. It is also possible to build these out of doors, thereby 

effecting a saving of flo 

inal cost of buildings, c . ' ■ 

Iiandling of purifying • • • ■ 
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greatly facilitate the labor in remoWng and replacing the oxide 
during rc\i%ifying where them situ method is not adopted, as they 
are built with dumping-trays and c!caiiinii-\al\es which enable the 
workmen to readily drop the entire contents upon the floor below. 
This floor, by the way, thouhl be either of concrete, cement, or 
brick, by re.'ison of the great heat attained b) the sulphur m tlic 
oxide during its recombination with o-vjgen. In fact, all portions 
of the purifi ing-hou'c should be well \cntilated and as nearly as 
possible finsproof. Ninc-tcntlis of the explosions occurring m gas- 
works happen in this dcp.artment, the danger being greatly dimin- 
ished where there is free \cniilatioD, and where any ga*- escaping 
throucli blowjnc-boxcs, c\ 'juir.it«in of water from the lutes, leaks, 
etc . docs not have an opportumtj to collect in suflicicnt quantities 
to form an explosive mixture. Only electric incandescent lights 
should be permitted m purifj mg -houses. Where they can be used, 
re^c^slng ^al^es or center \alvcs are unquestionably of great 
ad%autagc over the old and complicated multiple-valve system, and 

• taken 

. * . • sesqui- 

hydro.xule of iron, Fc 2 ( 01 l)t,. is the most active form of “oxide,” 
' ited to about 100* and 
forms the most active 
sulphureted hydrogen 

in tw'' ’"ays: 

FeoOs SIIsO+SHsS^FcsSa+CHsO or 

Fe3O3.3ll2O-h3H2S=2FcS-|-S2+0H,O. 

The bulk of the sulphureted hj-ilrogcu is absorbed according 
to the first equation, probably about ono-fifth according to the 
second equation 

Various methods are used to make o-xide. the principal object 
being in every case to obtain the feme oxide in as fine a state as 
po=;sible and intimately mixed with hoft-wood chips, shavm'-s, or 
sawdust. Pine or spruce shavungs arc best, as tlicv contain no 
objectionable tannic and found m oak, poplar, or whitcwood. An 
oxide should alwaj’S be alkaline 

Method 1 — Mix clean fine cast-iron bonnrs with cal-ammoniac 
in proportion of 20 lbs to I oz , distribute on floor in hiv cr of about 
G Indies, and allow it to rest for at least three weeks, turning and 
wetting the borings every few da>s Mix with soft-wood shavnnsrs 
or chips, previously wetted to m^c material weigh about 40 lbs. 
per cubic foot. 
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Method 2 . — Jlix coarse sawdust or small chips with slaked lime 
in proportion of four barrels of sawdust to one of lime. Pour cop- 
peras dissolved by steam over same, using about 9 pounds of 
copperas per bushel of shavings. Dissolve 1 Ib. sal-ammoniac in 
water and mix with 20 lbs of iron borings. Then mix sawdust 
and lime with borings. 

Method 3 . — Spread pine shavings in a laj’er of about 18 inches; 
cover •with 3 inches of pre\’iously rusted cast-iron borings, sprinkle 
Mith salt water and mnx thoroughly, turning over every day for 
about one week. 

It is good practice in the manufacture of purifying material to 
mix the sawdust or shavings %\ith the iron borings prior to oxidiza- 
tion, so that the iron in rusting forms a coating or crust upon the 


cake, pulverize or, owing to its spongy nature, become compressed 
as do other materwis, thereby greatly relieving the back preMure 
thro\\m by the box; its back pressure is only ono-third that of the 
material ordinarily used. As 50 per cent, more oxide can be mixed 
witii ground cork than with either sawdust or shavings, the capacity 
of the box IS increased 50 per cent Cork can be obtained as the 
waste from cork factories, and although the initial cost is invariably 
greater than sandust or shavings, it is sometimes offset by its other 
qualities. 

Ground corn-cobs arc also in as a substitute for cork, and 
it is claimed for them that they possess nearly if not all of the 
qualifications possc.'sscd by cork Tlicirche.apncss is a great recom- 
mendation in their favor. The following fable gi\es the weights of 
one bushel (2150 cubic inches) of different purifying materials: 

Material. I-bs. per Bushel. 

Pino shavings 5.25 

Ground cork C 

Pine sawdust 12.75 

Ground corn-cobs 15. 

Iron oxide 112. 

There is authority for the statement th.at 1.5 per cent, of air 
adniittoil to the purifying-bo\cs with the gas will add 25 per cent, 
to llie piirifjdng capacity. 

Preparing Lime. — ll.ikcr’s Masonry Construction gives the fol- 
lowing characteristics for good mortar. Lime: 1. Frcctlom from 
cinders and clinkers, witii not more than 10 per cent, of other im- 
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puritic?, as silica, alumina, etc 2 Clnefl}- in hard lumps ^Yith but 
little dust. 3 Slakas readiK m water, fornun" a ^ erj’ fine, smooth 
paste without an\ riY-ulue 4 Dis«ol\es in soft water when this is 
added m siifTicicnt qii.vntitie^. These simple tests can be readily 
appheil to any sample of lime 

Common hme !•« a substance resulting from the calcination of 
pure, or nearly pure, limestones, such as marble or chalk at a lush 
temperature. app!ic<l for a ccrt.am time to drive off the COj in the 
hmc'tone. It principalh has calcic oxide with 3 to 10 per cent, of 
impurities, silica and alumina, magnesia, oxide of manganese, and 
trace of alkalies It is biehh caustic, with a strong afTmity for 
water, rapidly absorbing about one-fourth of its own weight, which 
absorption increases its temperature to an intense heat, together 
with an increase of bulk of from two to three times the original 
\olume. This reiluction to an impalpable powder is called “slaked 
lime" or “calcic hydrate,” which forms with w’atcr an unctuous 
pxste Thi' paste, in rommun with mortar, will not harden in the 
presence of water 

The advantage of using lime for purification, either alone or in 
combination with iron oxide, is the more complete removal from 
the gas of Milphur com[K>unds and also the removal of carbonic 
acid, for which the oxide alone has no affinity (see table of Effect 
of CO 2 on Candle Power) The effect of CO 2 on illuminating gas 
can only be removed entirely by purification. Its removal causes 
a whiter, purer, and brighter light, which cannot be compensated 
for by increa.«ed enrichment or the addition of hydrocarbons. 
These advantages may be worth the additional cost in purification, 
even where lime is comparatively dear 

It IS, however, claimed by advocates of iron oxide that Amer- 
ican coal-gas contains but few sulphurous compounds other than 
sulphuret^ hydrogen, and that this latter is the only needful 
impunty to remn% e, and can l»c accomplished entirely by the use 
of oxide It is also claimed that while lime removes the CO 2 it 
also mechanically separates from the gas certain of the heavier 
hjdrocarbons, thereby iieulralizii^ the benefit derived by Us 
removal. 

The question reduces itself lai^ely to a basis of cost of materials 
and as to whether additional oil be used to make up the loss, or 
whether a saving can effected by the removal of the CO 2 , 
thereby increasing the efficiency of a less amount of enrichment used. 

Caiculations. — As to the purifying capacity of hme for CO 2 , 
the theory is as follows.; Assuming a Uuslicl of unsliked Ume to 
weigh 80 lbs and to contain 90 percent, of CaO, one bushel of lime 
would therefore contain alxnit 72 lbs. of pure CaO, Slaking this 
hnie the following reaction would take place: 
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Ca0+H20=Ca(0H)2, 

or calcic hydrate Since the atomic weight of Ca is 40, 0 is 16, 
n being 1. the equation would represent (404- 10) + (2+16) 
= (40+ 17x2) = 74 Therefore, 56 lbs. of CaO will miike 74 lbs. 
of Ca(On)j, and 72 ibs. of CaO will make 95 11 lbs. of Ca(OH) 2 . 
The reaction equation between slaked lime and CO^ is 

Ca(OH)-. + CO-.= CaCOa +H 2 O 
74 + 44 « 100 + 18 

We see that 74 lbs of Ca(OH )2 will combine with 44 lbs. of CO>, 
therefore 95 11 Ibs of Ca(OH )2 will combine with 56.55 Ibs. of 
CO 2 Drv CO> at 60** F and 30 m barometer weighs 1 lb. for 
each S 595 cubic feet, so that 56.55XS595«=4S6 047 cubic feet. 

Supposing gas to contain 3 per cent, of CO 2 or 30 cubic 
feet per 1000 cubic feet of the gas, we have 486 047 divided by 
30, or 16 202 oufiic feet inulfiplied by 1000, equaling 16,202 cubic 
feet, the maximum amount of gas with which the calcic oxide in 
one bushel of lime as aforesaid, will theoretically combine. Of 
course, under working conditions, this combination would bo 
exceedingly Icss complete 

On the other hand, the maximum amount of snlphuretcfl 
hydrogen which can be removtxl from gas (thooreficall}) can bo 
csilculated a- follows' Suppose n bushel of the purifying material 
to contain an amount of Fc 203 1120 equivalent to a weight of 
25 Ibs of iron, and a.ssuming that tliere is no oxygen present in 
the gas. the proportions would be as follows: Of the Fe^Oa.HsO 
the atomic weights .are Fc=56, 0= 16, and 11= 1. The molecule 
of the oxide will therefore contain (56X2) + (1GX3) + {1 X2) + 10 
= 178 parts by weight, of which 112 part.s arc iron and therefore 
2.> lbs of iron will form 2.5XWJ=39.7 lbs. of ferric hydrate. The 
reaction guen 1>% Buttcrflelu for the removal of H 2 S from gas 
by tins ferric lijdMte is as follows: 

FcjOa H20 + 3H2S=Fe3S2 + 4n20; 


FejOa .1 IjO + Slf^S = 2FcS + S + 411 20. 


The proportion lictwccn ro20i IIjO and II 2 S is^ the .s.ame in 
both equation',; the amount of nbsorbexi by n given quantity 
of FcsOi IIjO H the same, no matter which of the two above 
re.actions may occur. 

The .afom'ie we+lif of S Is 32: therefore, the weiaht of If beina 
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one, the molcnilc n-Sx3. as m the equation, equals 3 (2X 1 +32), 
or 102 parts. Therefore. 1“*' atomic jtarts of l'’c >03 IIjO uiU 
combine xinth 102 parts of 11^ or I lb will combine with 0 573 
lb?., from winch wo <lcn\e that 30 7 lli< of rojOj lIoO will comhino 
with 22 7-1'' lb«. of Now if I lb of rliw HjS at GO® T and 

30 tn. barometer occupic«l a \oluinc of 1 1 1220 cubic feet, wn con- 
clude that 22 74S ll»s w'll coire-pond with 22 748X11.1229, 
or 253 02 cubic feet of HjJv 

^Vssuminj: a pa.<, tlicrcfore. to contain 0 S.'» per cent, by volume 
of It will contain S."» cubic feet of H^S per 1(KK) cubic feet of 
pa.s, or 253 02 — 8.5 efjuals 29 791. donotin^ lliat 29 791 cubic feet 
13 the maximum amount of pas mntaminp the said amount of 
H;S that can bo ihcoreticalK remox'Cil by chcmic.al union with 
one bu'hcl of the alxiie-mentioiicil punfvinp material. But, 
as noted in the calculations for the theoretical punfjms power 
of lime, these results cannot be nearly attained under working 
conditions. 

Temperature. — It may lie notoil. howexer, that conditions of 
temperature have much to do with tlic combining power of 
both the lime and the oxide, as at a temperature below 30® !•'. 
both lime and feme oxide arc practically inactive with reference 
to II’S, and ^1)3 c this tcmjicrature their capacities for com- 
bination increase more and more, until at a temperature of 100® 
to 120® r the action becomes as complete ns can be obtained 
under working conditions. It follows from this that purifying- 
houses, hme-rooms, and rexiMfying-sheils should ahva 3’8 be main- 
tained at a temperature not less than GO® F , and that concrete 
boxes built out of doors and other exposed purifiers should be 
properly heated with btcam-coil, or the gas itself should be heated 
prior to entry therein 

Testing Oxide Boxes. — For determining whether the bod of 
oxide IS domp service or not. Fig 16, on the following page, illus- 
trates an easy method BjTon E Chollcr describes the arrange- 
ment thus- “It frequently happens that both inlet and outlet 
of a punfymg-bed will show an dually foul test with lead paper, 
while the bed may yet be doing work. The cut shows how- this 
condition may be ascertfuned; a pipe and stop-cock leading from 
each side of the bed, rubber luben with glass nozzles of equal size 
attached, and a weak lurlution of permanganate of potash arc all 
that are required Put equal quantities, of equal strength of the 
solution in the test-tubes, insert the gla,ss tubes, and turn on the 
ga? in both at tim same time. P<juf «i?J m.ik-e the sofatioij 
clear almost immediately If the bed is doing work, the inlet side 
will clear up quicker than the outlet sule. Two or three grainy 
or periiaps less, of permanganate of potash to a quart of clean 
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Tialer is sufficient Keep the seJufion in a irdl-stoppcm} botlJe, 
and do not make up too much at a time." 

Judging from a few experiments, when it takes the outlet four 
or five times as long as it does the inlet to clear up by this method 
it is time to change the box, as in such case it would be taking 
out only about 20 per cent of the sulphur in the gas. 



resr Tt/et. 

Fio. IG — Comparison of Sulphur m Inlet and Outlet G&s. 

Revivification. — ^This can be done while the gas is pa&sing 
through the boxes for purification by admitting a small percent- 
age of air or oxygen, i j per cent- to 0 5 per cent., with the gas; 
or air can be blown or sucked through the foul oxide after the 
box is turned off and opened; othenM<!e the oxide can be re- 
moved from the box and rectified elsewhere. 

Ily revivification is meant the retiuction of f/ic iron-sufpfiur 
compounds again to active iron oxides or lijdroxidcs; reactions 
arc 

2FC2S3 -{-SOa^ 2 Fe 203 +3S2 

or 12reS +902-bCFc203 +CS 2 . 



riTnirir.Ufj. 


sn 

cnn pcncrally lit* unlil it iia-* taken up GO jxt 

cent, of sulpliur In weight, although it peiicralh liocmncs foiilctl 
by tar, etc., before tht' pmnt is re.»rhc«l 

As to the ptttper iiamJlmc of n\i(Ic for reM\ ifiration, the 
Trustees of the American Ga«!iphl As'oci.ilion ha\e to say as 
follows* 

“As probably no two samples of iron ovule (the words being 
used to denote a punfvinc mulenal m which the actne aaent 
is hydrated feme ovule) are cviutly alike, it is impossible to 
lay down hard-and'f.x-t rules that will appl> in all eases. But 
there Is one truth that must al«a\s be borne in mind and acted 
upon to secure the best re?-ults, this is that rcMMlicatton will 
be the more rapid and conijdctc the hicher (within reasonable 
limits) the temperature of the ovule Therefore, the treatment 
should be such a.s to retain. vj> far as possible, m the material 
all the heat pcnerate<l In the chcmual action that occurs, pro- 
vided, of course, that this heat is n«it cvccsm%o. 

“At a works u«ins ovidc purcha'Cil from three difTcrent firms, 
the follow mp methrwl of hamllmp diinnp revivification was found 
to give the best results As the ovide was removed from the box 
it was thrown on to the rcM\ ifj mp -floor, beneath the box, into 
heaps, each about S feet hiph, and allowed to remain in these 
heaps until it was thoroupLl> heated, the lenpth of time required 
for the attainment of this result varying from one to two hours 
for fresh, active oxide to forty-nine hours or more for that nearly 
spent, or slupgLsh from any other causes When hot it was taken 
from the heap and placed on the floor in long ridges, whose cross- 
section was approximately an equilateral triangle with 24-inch 
sides Spaces were left between the ndges, and as the oxide on 
the two exposed faces revovified, as shown by its change’ in color, 
it was scraped dowm into these spaces until the whole batch was 
spread out in a layer, with a uniform depth of about 9 to 10 in. 
It was then turned over with shovels, care being taken to have 
it really turned and the material that had been on the bottom 
placed on top. instead of the whole mass being merely shoveled 
to one side, which is very often all that the so-called turning over 
amounts to By this time it was usually thoroughly revivified. 
If not, it was again turned over as often as nccess.iry. inien 
revivified the hatch was piled in a heap about C feet high and 
4 to 6 feet wide to remain until it w’as put back into the box in 
due course. Sufiicicnt time was allowed to elapse between each 
handling for complete revivification of the top layer of oxide. 
During the operation the oxide was then wet, unless it became 
racessivcly heated or so drj* that there was a loss and a nuisance 
in handling, owing to the dust arising from it. By thus keeping 
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the oxide as dry as possible, all the heat produced by chemical 
action \\as made available for maintainins tlie temperature of 
the material and thus promoting complete revivification, instead 
of being used up in vaporizing added water. 

‘‘In handling batches of fresh oxide care must be taken to 
prevent their becoming so highly heated as to ignite the sulphur 
and shavings contained m them. E\en in such cases, however, 
it IS better to allow the oxide to stay in heaps. Since less surface 
IS exposed to the air in this way, the liability of ignition is less, 
and if It does occur the fire can be more readily extinguished by 
the use of water. Such heaps should be examined at frequent 
intervals and any tendency to fire be attended to Ignition can- 
not occur with wet oxide until the water has been practically 
all cv.iporated, so wetting the oxide will always prevent it. But 
as It also retards revivification it should only be resorted to in 
cases of necessity Spreading the oxide out in layers and turn- 
ing it constantly will also cool it. 

“If a batch of oxide does not heat and revivify properly when 
handled ns above, and its record shows that it is not yet saturate 
with sulphur, it can sometimes be brought into good condition 
again by being exposed out of doors in the sun during the warm 
weather, the sun imparting the heal necessary to start and main- 
tain the rcMMfication, or the batch can be heated artificially, 

“Another method of revivification consists in placing the 
oxide, when taken from the hcajis. on a platform of purifier-trays, 
supported about a foot above the floor of the rc\ ivif> mg-room 
in such a way as to permit a free circulation of air undenicatJi 
the whole the oxide being spread m a ln 3 er 21 to 30 inclics 
deep, ^\^lcn using sucli a platform revivification takes place on 
the bottom as well as at the top of the kaj-cr, proceeding factor 
on the bottom, ^^'hen the batch is turned, the oxide, still foul, 
should be put on the trays, and the oxide that has re%ivific<i 
cither piled to one side or placed on top of the foul oxide. If 
this method is used with active oxide grc.at care will be nccce.oary 
to prevent firing, as rcMvification proceeds %cr 3 ’ rapidb', owing 
to the fact that air p.as.-cs up through the oxide instead of merely 
being in contact with it." 

It is generally the cu«tom in slaking lime at works to reduce 
the lime to a .^ort of paste which will neither adhere to the fingers 
when Fuspcndcil from them nor jet fall m a granular powder. 
It is proi)al)Ie, however, that this is hard!)’ RufTicient innislure. 
and it is better to add enough water to bring the lime to a homo- 
gcncoiLS ni.a«.s This m.xs.s should be allowed to lie o\cr some 
hours and then be workcil oser to rid it from lumps. 

The tendency of all gas-cnginccring points toward revivifi- 
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cation in situ. This can be best accomplished by the admission 
of air in a fixed ratio (under 3 per cent ) n ith the gas at the inlet 
of the purifiers, which is easily arranged bybeltmg a forge-blower 



Fio. 17. — Revivifying tn4tlu 


or one of the Connelly compressors direct to the shaft of the 
exhauster ^Fig. 17J 


LO.SS BT IN smj PURIFICATION. 


Air Admitted, 
Per C^at. 


Loss in Candle Power, 
Per Cent. 


1 0 
1 2 
1 4 
1 6 

1 9 

2 1 
2 3 
2 5 


2 0 

2 3 

2 6 

3 0 
3 6 

3 9 

4 3 
4 8 


Removal of Traces. — It must be noticed in all forms of 
purification that the elimination of impurities, being chemical, 
can occur only where there is an intimate union and thorough 
contact of the gas svith the material used Should any tar or 
oily matter be allowed to come m contact with the purifying 
material, it will form a coating or insulation which will tend to 
prevent chemical action from taking place, besides fouling the 
material and causing it to solidify and coke, thereby producing 
back pressure. It is of enormous advantage to remove such 
substances as completely as pos.sible before bringing them in 
contact with the purifying material, to which end the gas should 
first be passed tViTcnigh a bed Savings or coke-breeze (oak- 
wood shavings should never be used for any purifying purpose, 
because of the tannic acid contained), forming a filter, which 
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material should be changed immediately as soon as it becomes" 
saturated. In extreme cases a P- A. condenser may be used 
or some device of bafRe-plates, in which the tar and oil molecules 
carried along in suspension impinge and drain away by gravity. 

Some such device will be fount! a great economy in works, as 
it has been the experience of the writer from a number of tests 
that the oxide or lime in the first boxes of the purifying series 
almost invariably become so foul as to become useless long before 
its combining affinitj’ has ceased, and that by the use of proper 
extractors or filters the life of these materials ^\ill be indefinitely 
prolonged. 

In addition to the injury done purifying material by small 
portions of heavy tar and oil, carried over in suspense by the 
fas, and for which there should be mechanical separation, tarry 
vapors are liken ise a great menace not only to the material itself, 
but to the subsequent features of distribution, such as mains, 
services, the drums of meters, the cocks of fixtures, and espe- 
cially the tips of burners and Wclsbach mantles and appliances. 

The simplest method of l)rcaking up these vapors consists in 
placing a layer of chips and .«:havings or coke*brec 2 c on the lowest 
tier of the trays of each punfying-box, ®o that when a box becomes 
the first m the senes the ga.s passes through this filter, and tho 
vapors arc filtered out before the matenal in tho upper Mrtion of 
the box is reached It is. howexcr, better, n here possible, to have 
one box or other ^C!**cl retained solely for the use of such scrubbing 
and containing se\-cra! thick layers of worid chips, sawdust, and 
shavings or breeze This box should invariably be the first in 
the punfying series, and tins arrangement ha.s the advantage that 
it can bo easily determined as to the time ^^hcn complete satura- 
tion of Its matenal takes place, after «hich time it very’ imper- 
fectly filters out the pa.s,«ing vapors. A discussion of the subject 
will be found in the ProccHings of the /Vmcrican Gaslight Asso- 
ciation, ^’ol 15, pp. 142 to 147. and can be read to some advantage. 

A gas is said to be saturatc<! with v.spor at a certain tempera- 
ture and pressure «hen it contains the full amount of vapor that 
it can cany under these conditions Any change in these condi- 
tions change its point of saturation, thereby cnu.sing it to carry 
more or less vapor or moisture. Also, when a g.^s is so saturated 
it cannot lie matic to take up any more vapor unless thc.se condi- 
tions 1)0 altcnxl. At anj’ given temperature and pressure a definite 
quantity of a given vapor is required to saturate a gas, and thw 
quantity is in^ariabIy the same under the same conditions. Tliis 
is called the saturation- or dew-point. 

Analysis for Total Sulphur. — ^TJie following excellent system 
was described before the American Gaslight Association by W. D. 


rURIFIEBS. 


bi 

Calkins of St. Louis, Mo.: The method depends upon the well- 
knovrn chemical fact that sulphur compounds, such as carbon 
bisulphide, mercaptan, and other oigamc forms, break up and form 
HsS when mixed wth free hydrogen and passed over heated 
platinized asbestos or pumice. 

After the sulphur compounds have been changed to the form 
of H 2 S, it is a very simple matter to precipitate the sulphur in 
some form easily weighed or titrated, and the per cent, of sulphur 
figured bt ’ 

In ore 
methods • 

uith a standard iodine solution was used. 

The iodme method used is one commonly employed for rapid 
determination of sulphur m pig iron and steel, and consists in 
absorbing or precipitating the sulphur evolved from the iron or 
steel as H^S in solutions of NaOH, KOH, or m an ammoniacal 
solution of cadmium or zinc chlondc. The use of the two latter 
are to be preferred on account of the sulphur being in a visible 
form (CdS or ZnS), and one which Is not liable to alteration on 
standing 

The reaction that takes place when H 2 S is run into a strongly 
ammomacal solution of cadmium chloride is as follows: 

H 2 S+ CdCl 2 + 2NH40H « CdS+2NIl4Cl + 2H20. 

Now if the solution containing the precipitate of CdS h diluted 
vith a large volume of cold, distilled water and n sufficient quantity 
of HCl added, H 2 S is set free by the following reactions: 

CdS+2HCl*H2S+CdCl2 

A considerable excess of HCl is needed to effect a complete 
reaction, and the volume of water present must be laige and cold 
in order to prevent the escape of any H 2 S. 

The solution of H 2 S m water is now titrated with a standard 
iodine solution, using a little fresh starch solution as an indicator; 
the reaction is os follows: 


H2S+2I=2HI+S. 


The least excess of iodine is shown by the intense blue color 
(iodide of starch) that is instantly formed as soon as the reaction 
is complete. The solutions needed are a standard solution of 
iodine, afresh, clear solution of starch, and a strongly ammoniacal 
solution of cadmium or zinc chloride. 
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No arbitrary standard solution of iodine is needed, but one can 
be made up and standardized to suit local conditions, the prepara- 
tion and standardizing of which can bo found fully explained in 
any good book on quantitative analj'sis. 

h'or the cadmium chlondc solution a good strength for the 
stock bottle is made by dissohing four grains of cadmium chloride 
in 100 c.c. of water, and when dissolv^ add an equal volume of 
strong, chemically pure ammonia 

The platinized asbestos for filling the combustion-tube is easily 
prepared; Take } pound of clean asbestos wool, free from sulphur, 
wash in 2 ounces of a 5 per cent solution of platinum chloride, 
then drj’, place in a large evaporating dish, separate the wool, 
moisten evenly with alcohol and ignite; this forms a coating of 
platinum black over the wool fibers. The wool must now be 
strongly heated in order to drive off any free acid. 

The apparatus needed for tins method consists in a good meter, 
oni that Mill accurately measure ^ofa cubic foot (or, in place of 
this, a good metcr-prover can be used, and the sample of gas it 
contains can be taken as representing the average gas made for 
several hours); a small IS-bumer combustion furnace; some good 
Jena gloss combustion-tubing 30 in long, or a flanged porcelain 
tube glazed inside, 30 in long and i in. inside diameter; nbout 
four plain, nngod-neck glow cylinders 0 in. liigh, to hold about 
150 c c , with 2-holed rubber stoppers to fit; one small brass aspira- 
tor, filf cr-pump, and several feet of go^ glass and pure gum rubber 
tubing for malang connections. 



Fio 1 S — Analysis for Total Sulphur Apparatus. 


Before starting the test (lie meter and romhiistioii-tube must 
1)C filled full of the gas to l>e tested and the p.X'^ rliiit off, then (he 
combustion furnace licatt^ up, elowl^' at fii>t so ns not to crack 
the combu«rion-tidx?, until the fiilie is a (hiU rv<l (alfotit lOCKf to 
1200®); now rc-ad the meter, turn on tlw* g.^'l, and by means of (he 
aspirating-pump draw (he pa.s > •* ' • . *. * , 

tion-tulie, which is connected ■ 

almost to the liottom of (he fi . ■ . 

a fccond receiving cyliiulcr ant ■ * ■ ■ 
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which IS attached to the water service. By means of the pump 
the gas can be drawn at any required speed through the apparatus, 
but faster than i fool an hour is liable to bubble the cadmium 
chlonde solution out of the first cjhndcr mto the second The 
second cylmdcr is used as a guard m case any H2S might pass the 
first one. 

Both ” * ....... . . 

3 c.c. of 
then abc 
are filled 

When the required volume of gas has been passed, the meter 
and aspirating-pump arc shut off, the cylinders disconnected and 
washed out mth a large volume of cold water into a deep cylm- 
drical beaker, a few cubic centimeters of starch solution are added, 
and then a large excess of concentrated chemically pure HCl, and, 


for two or three minutes. 

There must lie no delay in titrating, for if the solution contain- 
ing the CdS is allowed to stand it will lose H2S, or the sulphide may 
oxidize 

Another method is to quickly filter off the flocculent precipi- 
tated CdS, the filter and precipitate placed in a deep beaker con- 
taining a latge volume of cold water, the HCl and starch solu- 
tions added, then titrating. This avoids the pro.sence of a large 
amount of ammonia salts and any hydrocarbons absorbed in 
the liquid with which it has been claimed the iodine reacts 
slightly 

The combustion-tube must be loo^ly packed from time to 
time with fresh platinized asbestos, for the old will gradually be 
coated with carbon and the tube stopped up. 

To prove that the chemical reaction was complete, known 
quantities of chemically pure carbon bisulphide and mercaptan 
were vaporized with pure Iiydrogen gas. This mixture was 
passed throueh the apparatus, the II2S precipitated with 
cadmium chloride, and the amount of sulphur found agreed 
with the per cent of sulphur contained in the organic sulphur 
compounds. 

Other tests for accuracy were made bj’ comparing results 
obtained from the same sample of gas, by determining the per 
cent, of total sulphur present, fiist with the London Gas Refetws’ 
sulphur apparatus, then by the combustion method, and the 
results agree verj’ closely. The following arc a few* of the 
results: 
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SULPHUR IN GAS PER ONE HUNDRED CUBIC FEET. 

Referees* Combustion 

Method. Method. 


1 14.612 14 630 

2 16.224 16.320 

3 15 S20 15.9S0 

4 18.256 18.724 


Correction for temperature and pressure must be made as in 
any gas analysis. 





CHAPTER Vin. 


EXHAUSTERS. 

The trustees of the American Gaslfeht Association pive the 
following calculation for obtaining the horse-power necessary to 
handle a given quantity of pas, pumping it with an exhauster. 
As an example of their calculation, they take the pumping of 
17,000 cubic feet of gas per hour, with an inlet pressure of 1.1 in. 
against an outlet pressure or head of 12 in. 

“Power Required.— The term horse-power is used to indicate 
the rate at which mechanical work is done and denotes the per- 
formance of 33,000 foot-pounds of work per minute; that is, the 
raising of a eight of 33,000 pounds through a height of one foot, 
or the overcoming of a resistance of 33,000 pounds through a 
space of one foot. The horse-power required to pump gas can 
therefore be ealculate<l by dividing the product of the resistance 
overcome and the space through which it is overcome in a minute 
by 33,000, the resistance being measured in pounds pressure and 
tfie space in feet. The resistance is determined by the net pres- 
sure against which the exhauster is working, that is, by the difTcr- 
cncc between the pressure at the outlet and that at the inlot of 
the cxliauster. The space can be taken ns the number of cubic 
feet of gas pumped in a minute, without any reference to the actual 
velocity with which the gas pa'=«cs through the outlet-pipe, since 
with a given outlet pressui^ the total resistance against which 
the exhauster is working varies directly as the area of the out- 
Ict-pipc, while the velocity of the gas, or the space passed through 
in the unit of time, varies (when the same quantity is pumpwl 
per minute) inversely as the area of the outlet-pipe, and there- 
fore the product of the tot.sl resistance and the space p.ssseil 
through will always be equal to the product obtained by mul- 
tiplying the resistance per square foot by the number of cubic 
feet of gas pumped in the unit of time. Tlie gas pressure is usu- 
allv given in terms of the height in inches of the wafer eoliimn 
which it will balance; to convert this to pounds per square foot, 

K* 
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it is nccessarj’ to multiply it by the weight of a column oi water 
1 sq. ft. in area and 1 in. high. A cubic foot of water weighs 
G2.5 pounds; therefore a column of water 12 in. high exerts a 
pressure of 62.5 pounds per sq. ft., .and a column 1 in. high y.i\\ 
exert a pressure 62 5^12=5.2 pounds per sq. ft. The horse- 
power required for the actual work of pumping the gas can there- 
fore be determined by multiplying the number of cubic feet 
pumped per minute by the product obtained by multiplying the 
net pressure in inches of water by 5.2 (which gives the pressure 
in pounds per square foot against which the exhauster is work- 
ing) and dividing the final product by 33,000. Putting this rule 
into the shape of a formula, we have 


5.2r// 
33,000 ' 


in which renumber of cubic feet of gas pumped per minute, and 
//-"the difference between the outlet and the inlet pres- 
sure in inches of water. 

In the present problem 

V-i^-283 33cu It, 

00 ’ 
and 

//-=12-01-n.9in., 


2S3 33X11.9X5 2 
33,0UO 


17532 40 
33,000 


=0 5.31 


hp. 


"Therefore the horse-power required for pumping the gas, 
without taking into consideration the friction of the exhauster 
or any other losses of power in the machinery, is 0 558 h.p. 

" George J. Roberts, from actual testa on pumping gas into a 
holder, deuced the following formula for an eidiauster of the 
Wilbraham type: 

H.P.=0.00511//r; 

// = the net pressure in inches pumped r^rainst, and 
V=thousands of cubic feet pumped per hour. 


"Substituting the value of // and V in the present problem, 
w’e have 

H.P.=0.005UX11 9X17 = 1.03. 
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EXHAUSTERS. 

TTir- trustees of the Ameriean Gaslight Association give the 
following calculation for obtaining the horse-power necessary to 
handle a given quantity of gas, pumping it with an exhauster. 
As an example of their calculation, they take the pumping of 
17,000 cubic feet of gas per hour, with an inlet pressure of 1.1 in. 
against an outlet pressure or head of 12 in. 

“Power Required, — The term horse-power is used to indicate 
the rate at which mechanical nork is done and denotes the per- 
formance of 33,000 foot-pounds of work per minute; that is, the 
raising of a weight of 33,000 pounds through a height of one foot, 
or the overcoming of a resistance of 33,000 pounds through a 
space of one foot. The horse-power required to pump gas can 
tnereforc be calculated by dividing the product of the resistance 
overcome and the space tliroueh which it Is overcome in a minute 
by 33,000, the resistance being measured in pounds pressure and 
the space in feet The resistance is ilctermined by the net pres- 
sure against which the exhauster is working, that is, by the dilTcr- 
cnce between the pressure at the outlet and that at the inlet of 
the exhauster. The space can l>c taken as the number of cubic 
feet of gas pumped in a minute, without anj' reference to the actual 
velocity with which the gas through the outlet-pipe, since 

with a given outlet pressure the total resistance again-st which 
the exhauster is working varies directly a.s the area of the out- 
let-pipe, while the velocity of the gas, or the space passed through 
in the unit of time, x’arics (when the same quantity is pumped 
per minute) inversely a.s the area of the outlet-pipe, and there- 
fore the protluct of the total resistance anti the space passed 
throuch will alwa>s be equal to the product obtainwl by mul- 
tiplying the resistance per square foot by the number of cubic 
feet of gas pumped in the unit of lime. The gas pressure is usu- 
ally given m terms of the height in inches of the water column 
which it will bahance; to convert this to pounds per square foot, 

02 
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it is nccc<?sar}' to multiply it bj the weight of a column oi water 
1 sq. ft in area and 1 in high A cubic foot of water weighs 
62.5 pounds; therefore a coluom of water 12 in. high exerts a 
pressure of 62 5 pounds per sq ft , and a column 1 in high will 
exert a pressure 62 5—12=5 2 pounds per sq ft The horse- 
power rcquued for the actual work of pumping the gas can there- 
fore be determined by multiplying the number of cubic feet 
pumped per minute by the prMuet obtained by multiplying the 
net pressure in inches of water by 5 2 (which gives the pressure 
m pounds per square foot against which the exhauster is work- 
ing) and dividing the final product by 33,000. Putting this rule 
into the shape of a formula, we ha\e 

II 

33,000 ’ 


in which r=number of cubic feet of gas pumped per minute, and 
//—the difference between the outlet and the inlet pres- 
sure in inches of water 
In the present problem 


and 


j,_I7W_2S3 33cu ft., 
00 

// = 12-01=*119in., 


HP.= 


2?^3 33X11 9 X52 


17532 40 
33,000 


0 531 h 


P- 


“Therefore the honsc-power required for pumping the gas, 
v,ithout taking into consideration the friction of the exhauster 
or any other losses of power m the machinery, is 0 55S h.p. 

“ George J. Roberts, from actual tests on pumping gas into a 
holder, deduced the following formula for an e^auster of the 
Wilbraham type: 

HP.=0.00511ff7; 

//==the net pressure in inches pumped against, and 
V = thousands of cubic feet pumped per hour. 


“ Substituting the value of H and V in the present problem, 
we have 

H.P.=0.00511X11.9X17 = 1.03. 
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“So that the total horse-power required according; to this for- 
mula is nearly double that required for pumping the gas “ Or, 
in other words, the efficiency of the engine and exhauster when 
working at this rate is only about 50 per cent. 

installation. — In installing the exhauster, solid masonrj' should 
invariably be used, no other material being as good for a founda- 
tion. The bed-plate is bolted directly by bed-bolts to this, and 
without any intervening wooden structure, nhich may have a 
tendency to decay and increase vibration. One of the most 
common causes of trouble is due to the springing of the outlet 
and inlet connections into place to correct the fitting, the latter 
not being true This tension has a tendency toward causing knock- 
ing and binding of the working parts of the machine. The con- 
nections should invariably be square and true, and so supported 
as to relieve the flanges of the exhauster not only of any torsion, 
but of their ovm weight 

Internal heating, which is difficult to discover, occasioned by 
the thrust of the crank-shaft of the engine, is another contin- 
gency n-ith exhausters. This is frequently caused by the set 
of the machine not being perfectly level and can usually bo de- 
tected and the cause locate by taking out the bolts of the coup- 
ling, an imperfect aligiunent being indicated by the springing 
of the coupling flanges. Misalignment of the parts of the bed- 
plate is indicated by a separation of these parts, while a thrust 
of the crank-shaft is shown by the binding of the flanges against 
each other. This can be remedied by forcing the engine to or 
from the exliauster, ro-rcaming the dowcl-holes and driving in 
fresh dowels. 

Operation. — It sometimes happens, after an exhauster is shut 
down, that it is "tar-bound." This is overcome by the intro- 
duction of benzine or kerosene through the sight-feed oilers, 
placed .at the top of the cxh.a«slcr case. 

An exhauster should be as carefully kept up ns any other 
form of a steam-engine. The first and most important point 
is that of cle.anlincss, which cannot be overrated, all excess of 
tar, oil, and dirt being kept away from the governor and other 
vorkmg parts The adjustments should be examined daily, and 
once or tmee a season an indicator diagram should be taken 
from the engine, to note if valves arc properly set. The machine 
should have constant attention with regard to oiling, and the 
engineer should by regular inspection note that the oil-cups are 
rcplonlriied and arc cmptjdng equally. The packing of ox- 
hauMers is especially prone to become hanl and to grind the 
nxle-fcliafts and other working parts. It should be removed as 
often as inspection shows to ^ ncccssatj', perhaps once in three 
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months. It is needless to sfiy that all r\>'. \/- j r,'.' 

erlj- kept up, especially those gupportln? r-y'y^r. 

gear? may best be lubricated with a mixtur" tf fu-.., ,/ 
quality or graphite 

Losses. — The power lost in friction m an y,'; ^ 

age between 7 and 9 per cent of the tot.il tf.v/i'* i i(y 
machine during the penod of full loj<l. Jt i-, \,ij 

nearly constant and \ancs but hliglitly Utv.«-j fl.r r ,u. 
and minimum load The slip is abo a ',v'/r 

any one presure, the total slip per niwj»ji/* it/,.. 

same, whether the machine ih ninimig fa«l or Jt, , , 

paratne test, where the air ilcli\cr«il wai* tiviwutu] , j>/f 
and in what is known as the ‘*cKm'< 1 di'<liar?i- ti;, ,, 

disclosed little or no discrepancy. 'J1»e ‘M<r-d (li-. ).,.,, , f, , -/ 
is apparently the more accurate, and lou^j-fB in f| , ^ , 

on the discharge side of the in.arhine, wl,ni the i , 
then operated at such fipcc<l as to iimintalii (Ih< i-ri.-nt,’,-’ „ 
The slip IS then equal to the displm-otiuit 4 d,,. i,,.,!,’,, 
revolution, muUiphc<l by the miiiiWr of ^ > ' 

to maintain the pressure It h, of lourM-, un.J,jNp„|,l 
valves in the connection sliouUl Ih* pc-rfutly pyi.f 

As to thermal loss, there is bill Unlc hiown. Airi«tM 

to three pounds, according to the tcwl <jf (Ji.j J '^'*1 

an increase in temperature <if IS deg. I'. 'j|„. 
constant pressure is about 02377; Iwiue Ji wjH ' ' ' >' 

lo«s would be extremely Bmull in nHiial j , 

stance, the maximum loss, due to the dilf«nij«< IV 
thermal and adiabatic compreisiou in njr 0 , 11 ,.,,,'' f'""' ^ 
pounds, is only about 4 5 per cent In \\it- ttJi ,/'] 
machine, at least, the comprcHsion is lulialnij,. ''' 

Wiere the steam-pipmg is small, or Ihf yt«iff, ^ 'V >•< 
able, it is advisable to interpose n rrgid.a(iii 7 ,y,_^l , " '"'0 

before the stcam-inlct of the cxlmimtcr. ' ‘"•"■'•'iM.i/Jy 

In the use of any positne-presHum Kas-jnn,,., <, 
there is no holder on the line) and In ' ^ 


the pump or exhauster '• '■•Uou 

In the first ca.se this is to prevent exff.,.yjy, 
pressure in the pipc-hne; in (he case ij . ’'*•!'!, f </ tiu" t4 
the arrangement is to prevent the 

bove.s: in this instance the relief-valve or n^ii, ,/*•'' j/'i/i/yl/i/* 
be adjusted considerably under the wai foiij',"' k'l/h fii"'*- 
securing thereby a margin of safety. fli/, 
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Few engineers are aware of the loss, amounting to a material 
item, occurring through the blowing of the boxes and the conse- 
quent escape and loss of gas, to say nothing of the tremendous 
danger to life and property. 

Slip. — According to Mr. Geo. C. Hicks, Jr., “the slip of a ro- 
tarj' blower should vary os the square root of the pressure, speed 
btnng constant, and inversely as the 
speed, the pressure being constant; 
directly as the clearance; directly as 
the square root of the reciprocal of 
the specific gravity, and directly as 
the square root of the ratio of the 
absolute temperatures “ 

For continuous-contact impellers 
the law of flow of gas through an 
orifice IS verj’ close to actual results. 
It will, therefore, appear that to at- 
tain high efficiency in a machine it 
should be as nearly os possible of such 
sue as will warrant approximately its 
maximum rate of speed during 8er^■ice. 
For the increase of volume of gas 
passed in a given time decreases the 
per cent, of slip in inverse, ratio as 
Uio incre-asc of revolutions per min- 
ute. Tliis is generally true up to the 
s.afe speed limit. 

The slip also varies directly as the 
square inches of the opening of clearance, which should therefore 
be kept down to the lowest margin compatible with safety. This 
is cspcciallj* true w-ifh hcaiy-duly e.vhaustcrs (operating over 3 
to 4 lbs presniirc). 

In low-pressure work the slip may be said to vary, inversely 
with the speed, from 1 to 20 per cent. Temperature affects the 
slip only, .as has been st.ato<l, as proportional to the square root 
of the ratio of absolute temperature, and has nothing to do with 
the stirini""^ • ■ cmpernturc. 

; • ‘ ns the square 

roo’ ’ ■ ■ _ ■ gravity would 

give .. oi.j, i.ii HUMS as much as air under similar conditions. 
Tlic friction Iosj-cs in an exhauster arc practically those cn- 



tailtxl by the licarinza ami tlic gears. 

Tlie «.r **-- 

tion, in 

roent b ■ . 
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In this connection we ma 3 ’ say that much depends upon the 
accuracy of cutting and kc>ing of the impcUcr-gcars, the juxta- 
position of the impellers, the conditions of clearance, and the 
general alignment subject to such accuracy. For low-pressure 
machines (1 to 2 lbs ) single gears with double outboard bearings 
are preferable, while with the hea\'>'-dutj’ machmes double gears 
with outboard bearings give better satisfaction. The advantage 
of the outboard bearing is to distribute tlie strain upon the machine 
and furnish double- instead of single-bearing surface, besides 
stiffening the entire apparatus 

Horizontal machmes are, morco\’er,stiffer and better adapted to 
hea\y duty than the vertical type The double outboard bearings 
mentioned should be invariably specified, their cases in the instance 
of high pressures being a " 
in length, and a bore, sc 
duty (say 1 or 2 lbs ) 1 ! 

TTie dnving of exhausters belongs to three classes, viz., Lelt 
or rope drive, pinion gear and silent chain, and “direct connec- 
tion ” For the first the belt pull should average about 75 lbs. 
and have a speed o! l>etwecn 3000 and 4000 feet per minute. At 
this figure the Jos.-? of power should not exceed over 3 per cent. 
Counterbclting should be permitted only on verj' light service loads. 
For this class of drive outboard bearings are especially ne:es8aiy 
to maintain rigidity. 

The*silent chain should give an efficiency of about 9S per cent., 
gear transmission 93 per cent. These methods are especially 
necessaiy in connection mth turbine or high-speed motive potver. 

^Vhcre direct connection is used the flexible connection is 
decidedly advisable, and is absolutely essential in llea^’J’-duty 
machines having the seixocc of over 4 lbs. This is by reason of the 
facility w’ith which alignment between the exhauster and prime 
mover may be maintainetl, this being almost impossible where 
the connection is ngid. 

Of late years sm-all exhausters have come into frequent use 
in connection with “booster" or high-pressure feed-lines, also 
for long-distance transmission 

Such seivice rarely exceeds a maximum of over 4 lbs. dis- 
charge duty with 8 to 12 inches water pressure on the suction 
end Under such conditions the total losses (principally slip and 
friction) will hardly exceed a maximum of 15 per cent., 7 or 8 
per cent, being the average. As this seivice must be executed 
under variable conditions of speed, the prime mover should be 
designe ' * 

The about 5 ibs. duty, 

where . . below SO per cent. 
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Few engineers arc aware of the loss, amounting to a material 
item, occurring through the blowing of the boxes and the conse- 
quent escape and loss of gas, to say nothing of the tremendous 
danger to life and property. 

Slip.— According to Mr. Geo. C. Hicks, Jr., "the slip of a ro- 
tary blower should vary as the square root of the pressure, speed 
being constant, and inversely as the 
m . speed, the pressure being constant; 

f || ll* directly as the clearance; directly as 

*1!^ fl JL the square root of the reciprocal of 

the specific gravity, and directly as 
th® square root of the ratio of the 

absolute temperatures.” 

\/ / For continuous-contact impellers 

TTvt .!///' law of flow of gas through an 

\\ ij' ' orifice is very close to actual results. 

ijr^ will, therefore, appear that to at* 

' 7 tain high efficiency in a machine it 

Ki-Tsi should be as nearly as possible of such 

size as will warrant approximately its 
maximum rate of speed during service. 
For the increase of volume of gw 

© passed in a given time decreases ^o 
I per cent, of slip in inverse, ratio as 

J the inercase ol revolutions per min- 

F.0 31 -n,h«u.t.r By-p... "'?■ Thy .s Renerally true up to the 
and Connections safe speed limit. 

The slip also varies directly as the 
square inches of the opening of clearance, which should therefore 
be kept down to the lowest margin compatible with safety. This 
is especially true with heavy-duty exhausters (operating over 3 
to 4 lbs pressure) 

In low-pressure work the slip may be said to vary, inversely 
with the speed, from I to 20 i>er cent. Temperature affects the 
slip only, as has been stated, as proportional to the square root 
of the ratio of absolute temperature, and has nothing to do with 
the shrinkage in volume due to a decrease in gas temperature. 

Specific gravity affects the slip, as above stated, as the square 
root of the reciprocal, as, for instance, pas at 0.5 pravity would 
give a slip 1.41 times as much as air under similar conditions. 

The friction losses in an exhauster are practically those en- 
taileil by the boarmes and the pears. 
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In this connection vc may say that nuich depends upon the 
accuracy of cutting and kc>mg of the impeller-gears, the juxta- 
position of the impellers, the conditions of clearance, and the 
genera! alignment subject to such accurac}-. For low-pressure 
machines (1 to 2 lbs ) single gears with double outboard bearings 
are preferable, ^\hilc with the heavj’-duty machmes double gears 
with outboard beannes give better satirfaction. The advantage 
of the outboard hearing is to distribute the strain upon the machine 
and furnish double- instead of smgle-bcanng surface, besides 
stiffening the entire apparatus 

Honrontal machines are, moreover, stiUcr and better adapted to 
hea^•5• duty than the \crtical tjpc The double outboard bearings 
mentioned should be invariably specified, their cases in the instance 


The driving of cvhaustcr> belongs to three classes, mz , Lelt 
or rope drive, pinion gear and silent chain, and "direct connec- 
tion ” For the first tlie belt pull should average obout 75 lbs. 
and have a speed of between 3000 and 4000 feet per minute. At 
this figure the Jo«s of power should not c.\cccd over 3 per cent. 
Counterbclting should be permitted only on very bght service loads. 
Tor this class of dn\e outboard heanngs arc especially necessary 
to maintain rigidity. 

The*«ilent ■ ' ' "" * • '“7 .p cent., 

gear traiwmis pecially 

necessary in c power. 

^Vhcre direct connection is used me iiexioie connection is 
decidedly advisable, and is absolutely essential in heavy-duty 
' ' ' ^ ‘ • er 4 lbs. This is by reason of the 

itween the exhauster and prime 
being almost impossible where 

the connection is rigid. 

Of late years small exhausters have come into frequent use 
in connection with "booster" or high-pressure feed-lines, also 
for long-distance transims.sion. 

Such bcivice rarely exceeds a maximum of over 4 lbs. dis- 
charge duty with 8 to 12 inches water pressure on the suction 
end. Under such conditions the total losses (principally slip and 
friction) will hardly exceed a maximum of 15 per cent , 7 or 8 
per cent being the average As this service must be executed 
Under variable conditions of speed, the prime mover should be 
designed for very sympathetic hand regulation. 

The highest efficiency of this service is at about 5 lbs duty 
where the minimum efficiency is possibly not below SO per cent! 
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For heavier duty, however, say 8 to 10 lbs. or over, its commer- 
cial efficiency ceases, and some other form of condenser or pump 
should be used. In emei^ency, however, for service of this kind 
two or more exhausters may be connected in tandem with a fair 
degree of efficiency. 

In summing up the losses due to slip, Mr. Geo. C. Hicks, Jr., 
an expert m the matter, says. 

“Losses due to slip are dependent on two principal factors, 
pressure and speed ITie curves shown for constant speed and 
varying pressure cover .a range of pressure from 22 in. of water 
to 122 1 and a loss due to slip within the ranges of ordinary opera- 
tion of from 30 per cent, maximum to 1 per cent, minimum. 

“In gas-exliauster work, say at a maximum pressure of 22.5 
in of water, the slip ranges from 1 per cent, for various speeds 
on an air basis JJodifjing this for gas by multiplying by the 
square root of the reciprocal of the specific gravity or 1.41, the 
resultant loss is from 1 41 per cent to 28 per cent., or an average 
slip of 14.75 per cent for speeds ranging from 50 to 170 r,pro> 

“ For pumping clean gas, where it is possible to use a nearly 
constant speed, it is clearly advisable to select a machine to oper- 
ate at Its highest safe spew and thus get an efficiency of 81 per 
cent according to these tests, which were made on a machine 
not specially built for this service. Later results show an effi- 
ciency of 85 per cent under 5 lbs pressure The loss due to 
friction ranges from 1 to 15 5 per cent and shows an aver- 
age of about 7 per cent at 130 and 170 r p m , and 5.4 per cent, 
at 110 r p ra ; so it is safe to assume 7 per cent as an average 
friction load. This gives for gas-exhauster work an average 
efficiency of pow’er applied to the shaft of 85 26 per cent, times 
93 per cent , or nearly 80 per cent., as the useful effort of the power 
applied to the shaft. For high-pressure pumping we have 81 per 
cent, multiplied by 93 per cent., or 75.3 total, and on a basis of 
S5 per cent volumetric efficiency a total efficiency of 80 per cent. 
The loss due to temperature is not chargeable to the machine 
constniction, as it is simply a shrinkage proposition and brings 
one to much the s.ame set of formulas as thoso used in estimating 
condenser surfaces Not considering the latent heat of the vapors, 
an approximate method is to consider the volumes n.s propor- 
tional to their absolute temperatures. 

"The increased slip, as stated before, would be proportional 
to the square root of the ratio of the absolute temperature. As- 
suming a rise to 140 deg. from 60 d^., the slip would be multi- 
plied by the ratio 1.07; this 14 per cent, slip times 1.07 equals 
about 15 per cent., or an increase of only 1 per cent, due to a rise 
in temperature of SO dog. Tlic Iieat of compression at 10 lbs. 
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would raise air at GO deg. up to 145, affecting the slip about the 
same amount 1 per cent Tlic heating effect on the incoming 
air would be slight and I do not believe would result in an appre- 
ciable loss in volume delivered The results stated before in- 
clude all these losses, and these points are brought up to show 
there is no need to consider these items as separate losses, at 
least at the comparatn ely 1oa\ pressure used in rotarj’ machines, 
and as a matter of fact it is probable that, the case evpaa^ion 
being less than the impeller expansion, the clearance is reducer! 
and the slip decreased to some extent, probably enough to offset 
the additional slip due to the decrease m the density of the gas." 

Air-compressor Capacity. — Capacities of ai'-comprexson in 
cu. ft. of free air per minute m common practice arc u'-ually cal- 
culated by multiplying the area of the intake cylinder by the frv-t 
of piston' travel per minute The free air capacity divided by 
the number of atmospheres will give the volume of cornpref>rd 
air per minute. To ascertain the number of atmospheres at anv 
given pressure, add U 7 lbs to the gage pre-surc, divide this 
sum by 14 7, and the result will be the number o' atmo'-j>herf^. 

This calculation, however, is merely theoretical, and the 
denved arc never attained in actual practice, even with tornprei- 
eors of the %cry best design Allowances should be ma»Je for san. 
ous losses, the principal one being due to clearance fpae/-*, \r.{ j'.j 
machines of poor design an<l construction considerahk* 
occur through imperfect cooling, leakages past the pbtwj t:yl 
through the discharge-valves, insufficient area anrl 
working of inlet-valves, etc. There are compre sors Yin-n- 
total losses rjn as high as 30 per cent , whereas 2 5 to JO i^-r n- ♦ 

should be the maximum 

The altitude at which the compressor is to operate U an 
tant factor, as it affects its capacity m direct ratio U) 
ration It wall be seen, as the density of the atrnw,},rTt. 
crea-ses w’ith the altitude, a compressor at hish altitude upL pT 
less weight of air at each revolution The air being tzhn 'ri !♦ 
the intake at a lower initial pressure, the earlier part // 
stroke is occupied m compressing the air up to the romia) 
sure of 14 7 lbs., and the net capacity of the air-cjlindf-r h- 1 » ' j*'”” 
reduced. The power required to drive the same vrst\,u^‘ 
also less than at sea-level, but this decrease being in 'T,*^ 
is not an offset _ ' T rz lo 

Compressors to be used at high altitudes should 1 
steam- and air-cylinders properly proportioned to ‘ 

conditions. The first table on page 103, based on a fr 
working at sea-level and discharging at a pressure 
dicates the variation of compressors at different allitii/' 
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TABLE OF SIZES, TOWER. AND CAPACITIES OF ROOT’S CAS- 
EXHATOTERS 


Exhauster 

Section and 
Diameters 

llar*e-pa«ei 
at Stated 
Speed. 

Speed oi 
Exhauster. 

Djiplapement 
in Cu Ft per 
Revolution. 

Capacity per Hour 
inCu Ft , No 
Allowance for 
Shnnliage. 

o 

4 

75 

200 

.72 

8,000 

3 

fi 

1 5 

190 

1 50 

17,100 

4 

8 

2 5 

180 

3.07 

33,150 

5 

10 

3 75 

170 

5 20 

52,140 


12 

5 


8 20 

78,720 

7 

1C 

7 50 

150 

12 43 

111,840 

8 

16 

11 

140 

20 

ICS, 000 

81 

20 

15 5 

130 

29. 

220,200 

9 

20 

19 

120 

37 25 

268,200 

0) 

20 

24 

110 

50. 

330,000 

10 

24 

29 

100 

63 10 

378,000 

101 

30 

36 

95 

83 

473,100 

11 

30 

50 

90 

lie. 

026,400 

12 

36 

SO 

85 

19G 

999.000 

14 

42 

..5 

80 

300. 

1,444,000 


Note — HorM-pouer figured on bAsu of one pound per square inch, at 
speeds given iQ this table. 


WILBRAnAM-CREEN CAS-EXHAVSTERS. 





REVOLXmONS OF FAN-ttTfCCt. OF orVKN DMMCTBIl WECES9ARY TO »tAINTAlN A GIVEN PIlESSUnE OVEU AN 
AREA Which is witihn the capacity of hie fan. 
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nnvOLUTIOKS OF FAN.WHCEL OF OlVtiN DIAMCTER NECESSARY TO MAINTAIN A OlVEN PRESSURE OVER AN 
ARL.\ WHICH IS WITHIN THE CAPACll'Y OF THE FAN— <Con(»nu«f) 
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The National Tube Co. ha$ compiled the following table: 



D II r 


-ppvrr at coiopr 


cylinder 
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Another t.-ible is as follows; 

UOBSE-POWER DEVELOPED IN COMPRF^INC OVE CUBIC FOOT OF FREE 
AIll FROM ATMO''l’UEUIC rREboUUE (U-7 POUNDS) TO VARIOUS 04GE 
PRLS&UREb 

loHial Temperatur* of the Air m Ekeb Cylinder Taken aa 60* F. 

(Jacket Coolmg Sot CoDiidered ) 


^Gage 

^Tfotbermal 

^ Adisbalie Compression. 

1 

1 

One Stsge | 

Two Stsge. 

Three Singe. 

Four Stage. 

10 

‘ 0 0332 

0 0353 




20 

0 0551 

0 0023 




30 

1 0 0713 

0 0842 




40 

' 0 0S42 

0 1020 




fiO 

0 0950 

0 11S7 




60 

1 0 1042 

0 1331 




70 

0 1122 

0 14G5 

0 12S 

0 122 

0 119 

SO 

0 1104 

1 0 1585 

0 137 

0 131 

0 127 

60 

0 125S 

0 1695 

0 146 

0 139 

0.135 

100 

0 1317 

0 ISOO 

0 154 

0 146 

0.142 

123 , 

0 1443 

0 2036 1 

0 171 

0 2CI 

0.157 

ISO 

0 1549 

0 2244 

0 1S6 

0 174 

0 169 

200 

0 1719 1 

0 2600 1 

0 2)0 

0 196 

0 100 

300 

0 1904 , 

0 3164 , 

0 247 

0 229 

0.220 

400 

0 2141 1 

0 3613 1 

0 276 1 

0 253 

0.242 

SOO 

0 2270 

0 3S4.9 

0 299 

0 272 

0 260 

COO 

0 2393 

0 431S 

0 318 

0 2SS 

0 275 

700 

0 24S9 

0 4G0S 

0 335 

D 302 

0 289 

SOO 

0 2573 

0 4S73 

0 349 

' 0 314 

1 0.299 

900 

0 2649 

0 5114 

0 363 

0 325 


1000 , 

0 2720 

0 5337 

1 0 375 

0 335 

0 318 

J200 1 

0 2S20 

0 5742 

1 0 .397 

0 353 


1400 

0 2924 

0 CI02 

1 0 414 

0 365 


1600 , 

0 3012 

0 6427 

1 0 432 

0 3S1 

0,359 

1800 

0 30S7 

0 0724 

1 0 447 

0 363 


2000 

0 3154 

0 7003 

1 0 4G0 

0 403 

0.379 


Note — Tbe abore value* are for »ea-I«vtl rondiljona only 


The lo«s in delivery of power in compressed air and gfls 
(approximately) for Mnslc-stage compre«'ion will aAcrago perhaps 
31) j>cr cent, while tliat of two-^tage cr>mpics«ion will pcrliaps 
not exceed 17 per cent., while four-stage compression reduces the 
transmission los.s to about 8 per cent.; a-s a stand-ofi against this 
economy, of course, is the additional initial power neccs«arj* to 
overcome the resist.ancc and friction caiisetl by additional valvts, 
ports, coolers, etc., which may lequire an increase of from 10 to 
15 per cent. 

There is aUo a reduction of the unit Ffrah upon the apparatus, 
all depending large!}, howex'cr, for its cflicicncy upon the details 
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of design. For low pressures the saving acquired is hardly jusrined 
by the multiplication of cylinders and the losses attendant upon 
the operation of numerous additional parts. Best practice recom- 
mends the use of the single-sta;e compressor up to 70 or 100 lbs , 
above that amount (preferably 75 lbs.) the use of the compound 
(two-, three-, or four-stage tjTJe compressor). 

Of course, as beforesaid, these matters ore largely a matter of 
design, the theory being that the ratios of the cylinders should 
be such that the final temperatures and M.E.P. in each cylinder 
should be identical, thereby effecting an equal distribution of the 
work throughout 

LOSS OF WORK DUE TO HE*T IV COMPRESdIXC AIR FROM ATSIOSPHERIC 
PRESSURE TO \AR10l'S GACSE PUE&SURES UY SIMPLE A.N’D COMPOUND 
COMPRESSION 

( ^u^ m Eath t vlio<J»r Initial T«o)p»ralurp, 60* F ) 


One Staffc j| TwoSiase j| Ttirre Staee |j Four Stage 


PefMM^ge of WoiV !.<■•( m Terma of 
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The following arc a few of the formulas used by the B. F. 
Sturtevant Manufacturinz Company, laipe makers of blowers, 
exhausters, fans, etc for ralculatinz horse-power requisite for the 
compression of various quantities of air under various conditions: 


(1) 

H.P 

(2) 

H P. 

(3) 

H P 

(4) 

HP 


VPU{^) 

33,000 ’ 

H,UoO ’ 
J3,00(» ’ 

lbs pel sq 111 xV 


where volume of free air m cubic feel per minute; 

P-prC'Sure of the atmosphere or suction pressure (absolute) 
in lbs per sq ft , 

Pi* pressure of compicssion (absolute) in lbs. per sq, ft. 

Of the above, formula (1) is principally used when the H.P. 
required is for air which is cooled during compression, as in ordinary 
compressor practice 

Formula (2) when the air is assumed to be compressed so 
quickl.s that it does not return to atmospheric temperature. This 
is the usual case in all blower work 

Formula (3) is generally known as the “hydraulic” formula, 
and in common practice is rarely used above five ounces to half a 
pound 

Formula (4) is usually adopted in the case of positive com- 
pressors, etc , no allowance being made m this formula for “slip,” 
the calculation being "net ” 
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DIRECr-CONNECTED EXIIAUSTERS. Nos 1 td 8 (laclvigiv 
ISBELL-rORTER CO, NEWARK, N J. 

(For data see page 111.) 
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GE.\RED COMBINATION EXHAUSTERS, Nos 7 to 12 (Inclusive). 
isbell-pouteh co . new york \nd Newark, n. j 
(For data ficc page 111 ) 



BEO-PLAre 
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COMBINATION EXHAUSTERS, Nca 13 to 15 (Inclusive), 
ISnELL-PORTER CO. NEWARK, N. J. 

(For data see page 111.) 






CHAPTER IX. 


STATION-METERS. 

Sizes. — Porhap.s one of the most radical * improvements in 
connection ^ith machinery about the works which has presented 
itself within many years is the introduction of the Hinman drum 
in btation-meten? The mlvantagc of this drum is that it increases 
largely the capiuity of the meter without increasing its cost 
or bulk. 

CAPACITY OV .sTATIO.N'»NETCR.S (oLD TVrB). 


Iwt 

C« Ft per 111 

3X3 

1.250 

3 .^X .3 5 

2,175 

4X4 

3,400 

4 5X 4 5 

5,000 

5X5 

C,S00 

5 5X 5 5 

8.C50 

G X G 

in,soo 

0 5X 0 5 

13.000 

7X7 

1G.700 

7 5X 7.5 

19,300 

8X8 

21,857 

8 5X 8 5 

25,000 

0 X d 

28,650 

0 5X 0.5 

32,300 

10 XlO 

36,450 

10 5X10 5 

41,700 

11 Xll 

46,875 

11.5XII 5 

53,000 

}2 X12 

02,. 500 


The following are the rap.*irUlf*s of sl-Kion-mofcra of the Illn- 
mnn drum tjpo, as ni.’inufaetiiml by tlio .\mcrican Meter Corn- 
p.'uiy; 
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CAPACIT\ of STKTlOX-METEns (lIINMAN DIU'M T^TE). 
Feet Cu Ft per Hr. 


6 

X6 

22.000 

6 5x6 5 

25,750 

7 

X7 

30,000 

7 5X7 5 

35,000 

S 

X8 

40,000 

9 

X9 

52,000 


Connections. — A station-metcr should l>e thoroughlj’ cleaned 
at least tw^ce a year, and should be tested for accuracy as often 
as cleaned. Fig. 22 shoves tire proper connections for proving a 



Fio. 22 — CooneettoQs for Proviog Station»meter. 


station-meter. The test-meter should be, say, a 60-light meter 
recently proved on the r^ular shop nieter-prover, and should 
be connected in as a shunt by-passing the inlet-valve on the sta- 
tion-mcter. At least 400 feet of gas should be passed, and the 
adjustment made by changing the station-meter vater-line 
The bearings of the meter sliould at all times be carefully oiled, 
especially m case of theHimnan type, nhich revolves much faster 
than the old-style meter. 

\\'hi)e the proving meter is attached, the outlet-valve of the 
meter should be clo^. Should the index of the proving meter 
move, a leakage will be indicated in the shell and connection of 
the meter. Should the index of the prover move and that of 
the station-meter remain stationary’, it would indicate a leak- 
age through tlie drum of the meter. Great care must be taken, 
however, as to the tightness of the valves or leaks in the con- 
nections. 

The accompanying sketch (Fisr 23) shows the by-pass con- 
nection of the station-meter, which should be invariably used 
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in connecting in the meter with the mains. By opening the 
valve on the main run of pipe and closing the v.nhe on the risers, 
the meter is hj-pas-efl, wliilo by closing the valve on the main 
nm and opening the vahes on the risers, the meter is thrown 
into sen’ico 

It vill be found of advantage to use \alvcs for this service of 
the quick-opening tj'pe, cspcciallj’ when tlie sires of the connec- 
tions arc under 13 in. Such vahes are manufactured by the 
P. H & F JI Roots Mfg Co The advantage to be obtained 
by tliesc \mI\cs is the extreme rapidity with which they can be 
worked in throwing in and out the by-pass, and the saving 
of labor entailed by the old screw-type of valve. Not only the 


ee»feenf0 fit luriarmrrurj 

Pi » J I —Rear Eud sail Side View of Slalion-mcter. 

meter but the e\liau«tcr should also be by-passwl after the man- 
ner rl«owherc ile-cnbcd, and there should lie a by-pa.s.s between 
the inlet and the outlet of the storage-holder, m addition to wliieh 
the worki conneefion should Jk* so flexible as to form almost any 
by-jKvss (oinbinatKin. For example, there should l>c a connection 

Swm Iht- works Jjr/- ’ ’ 

town from the outic 
through tlie punfjin 
lion of atiy holilcr 

tion of flow through almost any *<*11011 of llic work.s yard-eon- 
nection.'-. 




STATlOX-METEnS 


115 


Volume CofTcclIon. — A (Uennninctor should be po attached 
to e\cn' statinn-mefor as to indicate the temperature of gas on 
the inlet, the volume of uhich should l»e corrected to a standard 
temperature of 00° T. and a pressure of 30 m of mercurj’, a table 
being used for this purpose s\hich is based upon tlic following 
foimula: 

( 460 +<) ’ 

^^he^e V = the corrected volume at G0° and 30 in.; 

r — the volume ob«er\-cd at a temperature of t° and h in ; 
ft “‘barometer pressure, inches of mercurj- observed, 
a=‘the tabular tension of aqueous vapor at 
This formula may be express^ su> follows: The corrected 
^olumc of a gas saturated with water-vapor at the standard 
conditiotLs of 00° F. and 30 m barometric pressure is equal to 
the ob«€r\ed volume multiplied by 17 64 tunes the difference 
between the observed barometric pressure and the tension of 
water-vapor at the observed temperature and divided by the 
sum of 4C0 plus the obscr\’ed temperature in Fahr degrees The 
tension of water-vapor for the obsen-ed temperature must be 
found from the table giving the tensions for the different tem- 
peratures. 

The formula is derived in the folloiving manner- 
Representing the volume at C0° F. and 30 in pressure by 
and that of the same mass of gas at any other temperature t and 
any other pressure ft by v, we can form the laws, governing the 
change of volume of ga«cs under the influence of changes m tem- 
perature and pressure, and deri\ o the required formula for dry gases. 
Since the volume \anes inverseb as the pressure, the product 
obtained by multiplying the volume at any pressure by that 
pressure is equal to the product oblame<l by multiplying the 
volume of the same mass of gas at any other pressure by the 
corresponding pressure, and we have 

' 30V=ftp, or 

Gases expand or contract part of tiicir volume at 32° F. 
for each change m temperature of 1° F , hence the effect of tem- 
perature is shown by the equation 460+1 = 520 for G0°, since I 
IS the number of degrees abo'cO; therefore 400+/ is equal to 492 
at freezing-point or 32° F , while .520 is the numlier of parts to 
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^\hicli 4D2 parts at 32® will have expanded when the tempera- 
ture is raised to CO®. From this t\c obtain 

„ 520w 

^ 460+r 

Combining these two equations, we have for drj' gases 

„ 520r/t 

^“ 30 ( 460 + 0 * 

that is, the volume corrected to the standard conditions of CO® F. 
and a pressure of 30 in. of mercurj* is equal to the observ'cd volume 
multiplied by the obser\'cd pressure in inches of mercury mul- 
tiplied b)' 520 and divided by 30 times the sum of 460 plus the 
observed temperature. 

The correction for moisture depends on the fact that a gas 
saturated "ith water-vapor, as will ^ a gas m contact with water, 
vill, under the same conditions of temperature and pressure, 
always contain the same quantity of walcr-vapor. This vapor 
exerts a certain pres'ure, which increases uith the temperature 
and IS proportional to the amount of vapor present. The pres- 
sure so exerted has been detcrminetl m inches of mercurj' for 
each degree of temperature. To correct for the presence of mois- 
ture in a ga.s saturatwl with x\alcr-\apor it is ncce-ssarj’ to deduct 
the pressure due to the tension of this vapor from the ob«or\cd 
barometric prewure, since this barometric pressure h rcsistctl 
partly lij the pressure of the %Natcr-vapor and partly by that 
of the gas, and therefore the pressure exerted on the gas will be 
really only the difTcrcnce between the barometric pres-sure and 
the pros-urc due to the tension of the wator-\apor Calling this 
tension of water-vapor a and taking its \nluc at the temperature 
of 03® (0.518) to deduct from the standard barometric pros.sure 
of 30 m.. wc have for the formula for reducing the volume of ga.s 
saturated with water-vapor obscr\cd at any temperature and 
prcs.sure to that of gas gaturateil with watc^-^ apor at GO® and 30 in., . 

„ (;i-n)520r (A-fl)520f 

^ ” (30-0.518)(4GO+0“ 29482(400 + 0' 

or dividing both numerator and denominator of the fraction by 
29 4S2, we get 

17M(A-o)r 
^ “* 4b0+t * 
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Standard Unit of \'olume.— Some investigation on the part 
of the writer has revealed the astonishing fact that there is no 
universally established standard m the United States to which 
station-meter registrations are corrected, that any number of 
standards of an arbitraiy nature exist, the most common being 
the average pressure and temperature at which gas is distributed 
to the consumer’s meter, this being for the sake of checking up 
with the sum total of the said meters, the difference being bal- 
ance by the item of “gas unaccounted for,” covering shrinkage, 
leakage, and non-registering of meters. 

As, however, the standard pressure throughout the country’ 
varies very widelj’, this will not prove a satisfactory basis for 
the comparisoi 
fore suggests ti 
urements, the 

noted, the other the universal standard for cas comparison meas- 
urements of 60 deg. F. and 29.7 or, usually, 30 in, barometric 
pressure. 

It is scarcely necessary to lay further emphasis upon the ad- 
vantage of haN'ing these two standards of comparison univer- 
sally adopted, for only by some such means can any uniformity 
of results or exactness of data be obtained. The latter or atmos- 
pheric standard is now universally m vogue in light measure- 
ments and standard photometry. 

The wTiter further suggests that the femperaturc in both 
equations for measurement should be taken from the gas itself, 
and not the station atmosphere, as, in small or large works where 
the storage capacity is hmil^. the gas is frequently forced 
through the meter not only under extraordinary pressure but at 


upon manufacture, due, for example, to such details as the ratio 
between condensing capacit 3 ’ and amount of gas m.anufactured, 
this being inverse, as well as the actual atmo«phenc tempera- 
ture. 

In order to avoid any possible difference in the conditions, or 
bases of comparison of manufacturing results, measurement, or 
data, the writer strongly urges that ail such figures be generally 
understood, without further particularization, as being based 
upon the universal standard 30 m barometric pressure and 
60 deg F. 

Roughly speaking, all gases expand nearly 1 per cent for ei’eiy 
5 degrees rise in temperature liie TOlume of the gas \ aries di- 
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which -192 parts at 32° will haAe expanded when the tempera- 
ture is raised to C0°. From thib we obtain 

y 520 b 

‘^“460+1* 

Coabming these two equations, we have for drj’ gases 
520i’/i 

^“30(460-}-/)^ 

that is, the volume corrected to the standard conditions of C0° F. 
and a pressure of 30 in of mercui>’ is equal to the observed volume 
multiplied by the observed pressure in inches of mcrcurj’ mul- 
tiplied by 520 and divided by 30 times the sum of 460 plus the 
obscPi’cd temperature 

Tlie correction for moMurc depends on the fact that a gas 
saturated with water-vapor, as will 1^ a gas in contact with water, 
will, under the same conditions of temperature and pressure, 
always contain the same quantity of water-vapor. This vapor 
exerts a certain pressure, which increases with the temperature 
and 13 proportional to the amount of vapor present. The pres- 
sure so exerted has been determined in inches of morcurj' for 
each degree of temperalure To correct ^rtlic presence of mois- 
tiirc m a gas saturated with water-vapor it is necessary* to deduct 
the prc'.''Urc due to the tension of this vapor from tlio observed 
barometric pressure, tincc this barometric pressure is rcsistcil 
p.artly b> the pressure of the watcr-xapor and partly by tliat 
ol the gas, and tiicrcforc the pressure exerted on the g.as will l>c 
rcalK only the dilTercncc between the barometric pressure and 
the pressure duo to the tension of the xx.atcr-x.apor. C.alling this 
tension of water-vapor a and t.nkmg its value at the temperature 
of G')° (d.SlS) to deduct from the standanl barometric pressure 
of 30 in.. x\ ' ‘ ' ' ‘ * ‘ ‘ ' ' ■ ' 

saturatctl v 

pros.^uro to , . ^ 

V (^t~<i)520r (ft-»)520i- . 

“ t30-0.51i5)(4«)+0“ 29.4S2(4()0+0' 

or dividing both numerator and denominator of the fr-Tction by 
29 4S2. we got 
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Standard Unit of Volume. — Some investigation on the part 
of the ViTiter has revealed the astonishing: fact that there is no 
imiversally established standard in the United States to which 
station-meter registrations arc corrceted, that any number of 
standards of an arbitrarj,’ nature exist, the most common being 
the average pressure and temperature at which gas is distributed 
to the consumer’s meter, this being for the sake of checking up 
with the sum total of the said meters, the difference being bal- 
anced by the item of "gas unaccounted for," covering shrinkage, 
leakage, and non-roistering of meters 

As, however, the standard pressure throughout the country 
varies very widely, this will not prove a satisfactory basis for 
the comparison of ' * 

fore suggests that 
urements, the one 

noted, the other the universal standard for gas comparison meas- 
urements of 60 d^. F. and 29.7 or, usually, 30 in barometric 
pressure 

It is scarcely necessary to lay further emphasis upon the ad- 
vantage of having these two standards of comparison univer- 
sally adopted, for only by some such means can any uniformity 
of results OP exactness of data be obtained. The latter or atmos- 
pheric standard is now universally in vc^ue in light measure- 
ments and standard photometry 

The writer further suggests that the temperature in both 
equations for measurement should be taken from the gas itself, 
and not the station atmosphere, as, in small or large works where 
the storage capacity is limited, the gas is frequently forcofl 
through the meter not only imderextraordmaiy' pressure but at 
a high degree of temperature. 

It will now be seen that under such conditions there can be no 
uniform comparison of measurements, as they will vary at different 
seasons of the year, by reason of both temperature and deinjui'J 
upon manufacture, due, for example, to such details a,s tlic r.iijy 
between condensing capacity and amount of gas manufactuud 
this being inverse, as well as the actual atmospheric tcmjy* i-,,. 
ture. 

In order to avoid any possible difference m the conditioi.r 
bases of comparison of manufacturing results, moa'ur< nrf.fr‘, 
data, the writer strongly urges that all such figures be j-cv /, ■ / 
understood, without further particularization, as Muy 
upon the universal standard of 30 m barometric prirv i-, 

60 deg F. 

Roughly speaking, all gases expand nearly I percen' 

5 degrees rise in temperature The volume of tin* 
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rectly as the absolute temperature, and inversely as the absolute 
pressure. 

One of the most convenient ways for correcting the station- 
meter measurement of gas for pressure, where the pressure is 
e.vcrtcd by the weight of the holder (which is approximately con- 
stant), is to set the station-meter a sufTicicnt amount fast to com- 
pensate for this difference. This method, however, has its draw- 
backs; one, for c.xamp!e, being where it is necessary to reduce 
the reading to average pressure ami temperature of distribution 
for the purpose of balancing up and checking consumers’ meters, 
gas unaccountetl for, etc. It is perhaps better to convert the 
holder pressure, usually m inches of water, to inches of mercury, 
by the use of coefficient 0 0735 inch and correcting by use of 
the table cNcwhcrc given 

Operation Hints. — Tlicre should be a pressure-gage on the 
inlet and one on the outlet of the station-meter, the difference 
in their registration forming the (lifferential pressure. This should 
in no instance cvewei 1 5 m , a greater resistance indicating that 
the meter la forced. The \ahcs on the pressuro-gages, as well 
as on the water-line, should be opcnoil and closed occasionally, and 
if much dirt collects on the glass of the gages, the valves should 
remain open only just wide enough to admit the pressure, thus 
excluding a eertam amount of dirt and lessening the rapidity 
of circulation. It will also prevent cxcessi\e fluctuation of the 
mcnisciw m the gage-glass. The stream of water which is fed 
to the meter bhoiihl bo just sufficient to keep a correct water- 
level. the disclinrge-pi|>c on the overflow just dripping. ’The over- 
ffow-gage on the rear head of the meter is intended to show 
that the water in the drum is nt its proper Ic'cl. Caro should be 
taken that its opening and connections should nt all times be 
free of obstruction, as upon this depends (he accuracy of the 
meter. The top of the overflow-gajm should be connected to 
the inlot-pipe of the meter only, and thebnttom should bo trapped 
cIo.«e to the g.ago. This (rap should he allowed to discharge 
through a funnel and should not in any way 1)0 connected to 
any wasfe-jiipe or sewer, as such an arrangement is ILable to 
siphon the water from the meter. 

TIic index of the meter shouhl he kept clean and occ.asionally’ 
oilctl with some liigh-gr.'wle clock-oil. The train of gears ma.v 
be occasionally greaseii with a little tallow or graphite, as should 
the spindle running through the front he.id of the meter, around 
which the packing should he changril whenescr it becomes hard. 
This packing may con.slst of leather wu^hers, yam, t.alIow, or 
graphite. 

At times a grinding or pounding noise m.ay be heard inside 
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the meter, especially durinf; maximum load This may occur 
from a break or buckle in tiie plates of the drum, the drum-centers 
being loose on the shaft, or from lost motion on the part of the 
shaft in a worn journal, or from the grindmg of the drum due 
to thnist on the part of the shaft. 

As before stated, when the station-meter is tested the water- 
line should be carefully established, and a bench-mark placed 
upon the meter-ca^ This being done, a daily inspection should 
approve the conformity of the meniscus in the water-gage to 
such mark. This mark should be invariably located after the 
final establishment of the meter, instead of relying upon the 
shop-mark usually placed by the manufacturer 

One method of correcting meter measurement for holder pres- 
sure is to connect a U gage on the inlet of the meter and 
fill It with mercury The reading of this gage may be added to 
that of the barometer and the sum of their readings compared 
Viith a table for correction. 

ROTARY METERS 

The Rotary Meter Co of New York City have recently placed 
upon the market a form of station-mcter which, although in- 
vented by Mr. Tliomas Thorp, the pioneer of the "slot meter,” 
some years since, and well known foraorae time m English works, 
19 new to the American market. 

The principle of the meter, which is illustratecl by Fig 24, is 
that of the anemometer, and it is adapted at high or low pressure 
to air, natural or any and all form.s of raaitufacturcd gas 

The safe working pressure of these meters is up to 150 lbs, 
and they are arranged m the case of high pressure to compensate, 
the reatling being mechanically coiTecte<l to indicate the flow of 
gas at atmospheric pressure 

The minimum measuring capacity of these meters is one-tenth 
that of the maximum capacity, the meter registering accurately 
only between these limits 

The chief claims for this type of meter are its small size (one- 
tenth the bulk of the old type station-meter), low cost (one-half 


under the old arrangement. 

In this connection the s.ame company are getting out a small 
consumer’s meter (see Fig. 25), which is known in England as,a 
"rebate meter” by reason of its use for determining the amount 
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of gas use! by the consumer for other than illuminating purposes, 
upon luch special concessions were made. It is likely that the 



Fio. 24 — SecUoD of Rotnrj Sta(v>n meter 
use of such meters, connected directly upon the gas^buming appji- 
ance and continually beneath the eye of the consumer, nill in 
the future materially increase economy in operation. 


nOTAIlY station-mpteks 


No 

Cii Fi 
p'rin. 
Mlnliiinn) 

Cu.Ft 
p-r Hr , 
Slaxliuiim 
Cagiacli; 


Dlto'nolon 

In Innlin. 


w.icht. 

t'ouucU. 

A 

II 

e 

P 

E 

F 

t 

160 

1 /XH) 

I3i 

0 

U 

7i 

3 

''1 

02 


060 

3/rt> 

IG 

13 

Vi 

0/ 

4 

10 

IGO 

n 

f/)0 

opoo 

24 

21 

12J 

Mf 

0 

12 

3.«0 


7rfi 

7/X10 

2s 

21 

Hi 

KJl 

8 

161 

MO 


\fm 

10/K50 

32 

21 

18 

18 

10 

18 

001 




■A.,\ 

2S 


2\ 

Vi 


WR 


3fKX) 

30 pen 

•to 

37 


20 

15 

23 

1,018 


•4 /XX) 

•ispoo 

ro 

a> 

20 

32 

20 

20 

2/8-1 


0,()(X) 

rxifxm 

72 

54 

30 

401 


33 

4,533 


lO^XX) 

too pip 

*"* 


30 


30 

39 

7,085 








CHAPTER X. 


HOLDERS. 


All holders should be periodically inspected for leaks, both 
gas and water The crown sheets of holders arc so constructed 
with calking edges as to be, in most instances, readily repaired. 
For leaks in the holder-tank a daily scattering on the surface of 
the water of a muxture of half Portland cement nnd half \erj' 
fine coke nshes, say generator screenings, will be found to take 
up tlio majority of small leaks 

The camaccs of all holders should be frequently inspectetl, nnd 
immediately adjacent to tiicm should be outlets and connections 
for steam-hose, having stc.ain connection with the works. This 
steam should nl'^o be connected to the drips. 

Pressure.— In ca«c it is ncccs!>ar>' to increase the gns preiwure 
upon the town, it is frequently neccssarj* to wciglil the holder. 
The writer has found for tins pur|K)s? old railroad T rails (00-ft. 
lengths) or I bc.ams and cliannclHiars to lie o.xcelicnt, inasmuch 
a.s they give an c\en <l[stribution of weight o\cr a considcrnblo 
surface and are easily handled, besides which, using tliem as 
units, an equal balance of weight can bccfTcclcd by placing them 
radially to the center of the lioldcr. 

A tabic of the weights of g.'Ls-holdcrs in pounds for every one- 
tenth of an inch maximum prc>>surc rc<|iiir{xl, from 20 to 200 ft. 
in diameter, is gisen on page J23 

Holder Pressure. — ^To obtain (he pressure which n gns-liolder 
will throw, take the weiaht of holder in pounds, duido by tlic 
diameter .‘.quared, multinly by 0.-1091, which will equal the pres- 
sure thrown in tcntlxs oi an inch, or 


Tlic relief-holder acts largely lus n governor in producing an 
even flow of ga-s from the cupokas through the purifying appa- 
ratus and, therefore, is an indi-jioii-.'ible ndj'unct to watcr-g.as 
cquiiimcnt. As the flow of gas is intermittent from the ninrliincf. 
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the relief-holder serves as an equalizer, enabling the gas to flow 
in a continuous stream from its outlet, varj'ing but slightly from 
one period to another. 
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Freezing of Tanks. — ^The freezing up of holders is a problem 
requiring a good deal of attention during the colder months of 
the year, and all holders should be fitted at frequent points with 
connections for steam-hose, and a main stearo-Iine should be con- 
nected with the works and these outlets for instant service. A 
good form of steam-jet is proposed bj' the gas educational trustees 
of the American Gaslight Association, a cut of which, slightly 
modified, is herewith inserted (Fig. 26). The only fittings needed 
are a 1-in T and a |-in Xl-in. (or better a ^-in. Xl-in.) bush- 
ing. Into one of the openings ecrens a J-in. steam-pipe threaded 
on the mside, into which has been screwed a plug, in the center 



Fio 26. — Position of Circulation Jet for IVoter m Tanks. 


o! which has been drilled a hole; this plug should project a little 
past the center of the T. A piece of 1-in pipe, about 18 In. 
long and offset about 6 in , is screwed into the other outlet of 
the T. Another piece of 1-in. pipe, from 6 to 8 in. long, is 
screwed into the side outlet of the T. When placed in position 
the T is set just above the water-Ime of the holder-tank or cup, 
with its run horizontal, and the side outlet of the T, into which 
is screwed the G- or ^in. section, directed downward into the 
water and extending 4 to 5 in. below the water-line, as is also 
the offset end of the other outlet. When the steam is turned 
on, a jet issuing from the drilled onfice creates a vacuum in the 
side-outlet nipple, and the water rises in this nipple and is blown 
along with the steam through the offset piece; thus this jet not 
only heats the water but also induces a rapid circulation around 
the cup of the tank, and is, therefore, more effective than a jet 
which merely blows steam into the water, for water will not freeze 
as quickly when m motion as when comparatively at rest. 
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Cleanins Tanks. — It is occasionally necessary to remove mud, 
muck, or other accumulations from the bottom of a holder, which 
can be mo5t readily accomplished by the use of a basket-shovel, 
or grab-bucket, swung on the end of a 1-in pipe. After the 
hea\"ier substance has been removed, the remaining mud and 
tar can be stirred up and the solution pumped out and replaced 
with clean water Such stoppages, when they occur in the inlet- 
and outlet-pipes, can bo remov^ in a like manner. Big tampers 
of wood nearly fitting the diameter of the pipe can be used to 
advantage to chum and break away stoppages adhering to the 
sides, after which the contents roa}* be flushed 

In case of a leak occurring m a holder-tank, the following 
suggestions have been maile by various gas-engineers; Insert 
in the water of the tank, at a point as near as possible to the 
aperture, sawdust, bran, barley sprouts, or, better still, horse- 
manure The better way. wheic cracks are vertical, is to cement 
them while the tank is full of water Sheets of canvas saturated 
with coal-tar can also be let down into the tank and wdll be held 
against the aperture by the pressure of the water. 

Patches.— It sometimes occurs that It is necessary to put a 
patch upon a gas-holder over a ragged hole in the holder-sheet 
too thm to tap in a thrca<l A cut of such work (Fig 27) will 
be found on the next page. It consists of a sheet of iron or 
steel of such size and sliape as to extend w^th a good wide lap 
over the orifice to be covered Oblong holes, say IXA in, 
w^th the long axis at right angles to the edge of the plate, about 
2 in. apart and f m space between the outer edge of the hole 
and edge of the plate, are to be made .around the perimeter of the 
patch. The heads of a sufficient number of i-in. bolts should 
be flattened until they are only J in wde. The patch should 
then be held against the sheet over the hole, until bolt-holes 
are made in the sheet to correspond to those in the patch, the 
first two made being at diagonally opposite comers. The patch 
can then be temporarily applied by keying it on with the flattened 
head bolts already prepared, one bolt being passed through each 
comer and the nut being screwed down, a washer having first 
been put on Putty or white lead should be smeared around the 
edges of the patch to stop the escape of gas while the remaining 
work is proceeding. The holes may be made by means of a breast- 
dnll and a rat-tail file. WTien the holes are all completed, the 
patch should be remo\ ed. the flow trf gas being temporaiily stopped 
by pressing over the orifice another sheet of iron, wet gujmy- 
sacks, etc. A putty composed of equal parts of red lead and 
lithaige mixed in glycerine should be coated over the patch, 
when the patch should be reapplied and permanently bolted. 
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The hole around each bolt, before the washer is finally applied, 
should be filled in with this putty, and a strand of lamp-^vicking 
smeared wth the preparation should be tied around the bolt 
prior to the application of the w’asher, and finally the nut. These 
washers should bo to 15 in. in diameter. 

If the hole is a large one and the pressure considerable, means 
must be taken to apply the patch temporarily while the holes, 



Pro. 27. — Patcliiiig Rent In Holder-sheet. 


etc., are being drilled. In the case of a cro^Mi-sheet this can 
be done by simply laying the patch over the hole and weighting 
it down; but in the case of a side hole, eye-bolts may be’ attached 
to the side of the sheet, and the patch clamped on by means of a 
chain or rope running around the holder, and, by the use of block 
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and tackle, tiphtlv pnllc<l up and clcated The eye-bolts may be 
sawed off after the patch is permancntlv attaclicd. 

Capacity. — The ratio of holder capacity to daily consumption 
in small works pcncratb oquaN 1 to 1 In larger works this ratio 
is generally decreased, sonic of the larger plants of the country 
haNung only half the storage capacity of their daily output. It is 
less ncccs-san. to have tlus ratio equal in the case of water-gas 
than m that of coal-gas. In both instances it should depend 
considerably upon manufacturing capacity In no instance, how- 
c%er. in the opinion of the writer, should the mimmum storage 
capacity e.\ccod So per cent, of the maximum daily demand. 

The wa.sh-water from the condensers is sometimes success- 
fully pumped to and from the relief-holder, thereby reducing the 
temperature of the water and economizing the quantity used. 

Salt should ne\er bo u'^cd in holder-cups for the prevention 
of freezing, by reason of its mjunous effect upon the metal of the 
holder 

TO OBTAIN WniOIfT OF XNY HOLDER 

Diameter^Xpressuro in y^tli mchX0.’J091=weight of holder in 
pounds. 


TO OBTAIN PRE.SSURE UlllCn X HOLDER WILL THROW. 
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UTIGHT AND rRESSUIlF. OF HOLDERS. 
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TaLCUHTIO-NS fob HOLOHR PRF.S&ORn. 


Let 


Then 


Singlc-Lift Holders 

P be the pressure of water column in inches; 
T7 the weight of holder m pounds, 

D “ diameter of holder m feet 
„ 0 245xTr 

IP 


(I) 


If we consider that the pressure changes with the different 
height of blicll above the water-Ime, the follow mg formula will 
luxe to be observed 
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h water. 
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Two-Lift Holders. 

If D=thediameterof innerlift; 

Tr=weight of the inner lift in pounds; 

TTi^ “ “ “ outer “ “ ** 

1 ^ 2 = “ “ “ water in the cup in pounds; 

5= “ “ shell of inner lift in pounds; 

H= height of inner and outer lifts, minus cup, in feet; 
h= “ above nater. 

Then, if only the upper part is working, 

( ° °^»g«f-^ 4-0.00928A) . . (3) 

should be used. If both arc working, the foUo\\’ing formula is 
applicable* 

In the last or fourth formula wc included the bottom ring of 
the outer section, which is not correct, but the difference is so 
small that it would not alter the result. 

The pressures obtained by following the given formulas would 
be maximum The minimum pressures, however, can be readily 
calculated by deducting from the weight of holder, in pounds, the 
tendency of the gas to rise, m pounds For example, if C would 
represent the capacity of the holder above the water-line, in cubic 
feet, S the specifie weight of gas, and A the weight of one cubic 
foot of air, we obtain, by using formula (1), 

„ 0 245XTr-CXSX/l 

WEIGHT OF SNOW (tRAUTWINE). 

Fresh-fallen snow per cubic foot, 5 to 12 lbs. 

Moistened and compact by rain, 15 to 60 lbs. 

For the reduction of wind pressure on a circular surface to an 
equivalent plane area (such as an arched roof or a gas-holder) 
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Paint. — As a holder, purifj’ing-box, or gas-machine paint, the 
'n’riter, after a number of years of experiment, has obtained the 
best results from the Eclipse graphite paint called “gas-house 
red,” as manufactured by the Acme White Lead & Color Works. 
This paint is manufactured of pure graphite. It possesses a 
hea\y bod}' ami attractive appearance, and will stand almost 
any degree of temperature •* — — 

Placing m commissic ains, or 

other apparatus These ' the air 

which they contain through a double w'ater-sealc<I siphon, at the 
outlet of >Yhich mav be a test light winch may be operated with 
immunity from explosion 

Old paint and rust should first be removed from a holder 
before re-painting, by the use of wirc brushes or scrapers, or, 
better still, by a sand-blast 

Locating a site for a holder should be a matter of the most 
careful consideration. Other conditions being satisfactorj’, a first 
test should consist of making a bonng m the ground with an earth 
auger to a depth of 20 ft. and recording the character of the soil 
as the borings arc brought to the surface The second test should 
be the weighting of a square foot of the ground (at a number of 
places to obtain a general average) with a load of from 2500 to 
3000 lbs , being balanced upon a short piece of 12X12 timber 
(standing on end). Before the load has been applied, take the 
elevation of the top of the timber with regard to a bench-mark, 
then immediately after the application of the weight, continuing 
to note the amount of settlement, until same apparently ceases. 
Then by subtracting the last elevation from the first, the total 
settlement can be ascertained, together with the sustaining quality 
of the ground, from which data the character of the foundation 
nccessarj’ may be intelligently determmed. 

Piling should lie avended whcrc\-er possible, and only re- 
sorted to where piles can conveniently reach to bed-rock, and 
where marshy soil or quicksand is encountered it is invariably 
ultimately cheaper to procure another or different site. The 
Stacey Jlanufacturing Co. cite a recent instance of a holder of 
about 1,500,000 cu. ft. capacity, erected upon soft ground at a cost 
for piling of 75 cents per square foot, over the whole arca-of same. 
These piles were capped by two feet of concrete, composed of good 
pQctlaid cemont, clean coarse sand and broken stone; but the 
foundations failed immediately upon the filling of tlie holder tank 
with water. 
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At,!, valves about viorks, mams, or pipe systems should be 
distinctly marked “open” or “shut," with arrow marking direc- 
tion of rotation; general^' some one valve, right-hand or left- 
hand, should be universally adopted to prevent confusion, and 
when so adopted there should be no exception to this rule 

There can be no doubt that the standard of gas service for 
the future, maintained cither by municipal legislation or by the 
gos-engincer, will be based upon (ho calorific value of the gas. 
Thb may bo ascertained in two ways, first, by analysis of the 
gas and by the addition of the heat values of its constituent factors; 
secondly, by the direct use of calorimeters There are several 
types of this instrument, of which the Junker is perhaps in most 
general use. Another m common use in England is that named 
Simmance and Abady A recording in.<itrument has recently been 
patented by F N Speller The subject of the measurement of 
temperatures has been best treated by Le Cliatelier and Boudouard 
of Paris, of whose work there is an excellent English translation. 

Where the Jones jet photometer is used to check the candle 
power at the w’orks it should be placed in such a position that 
the temperature wall be as nearly as possible constant. As the 
readings depend pnncipally upon the specific grainty of the 
gas, they may vary by reason of temperature It should be 
periodically standardized against a bar photometer and its value 
noted This should occur at no greater interv’al than once a 
week where it is used to indicate actual candle power Its prin- 
cipal use is a check upon works operation. 

The reading of water-gages may be done more accurately and 
the meniscus more clearly defined by dropping into the water a 
smai) portion o! coebinoai, mixed in hot water, which is Srst 
filtered and the color fixed by the addition of a few drops of nitric 
acid. 
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The following readings should be taken daily m every’ gas- 
works: 

1. Temperature of air (average atmospheric). 

2. Average barometric pressure. 

3. Photometer and calonmeter reading of the gas. 

4. Temperature of gas at each stage of manufacture, con- 
densation, scrubbing, punfieation, etc. 

5. Hourly temperature of gas passing through station-meter. 

6. Pressure of gas throughout every point in the works and 
on the tomi, the latter being recorded mechanically. 

7. Purihera changed. 

8. Records of test for sulphur at inlet and outlet of purifiers. 

9. Test-cards from sight-cocks on superheater, showing traces 
of either tar or lampblack, or probably fixed oil. 

10. Gas on hand m holders. 

11. Oil on hand m tanks. 

12. Tar on hand in tanks. 

13. Coke or coal used. 

14. OU used. 

15. Percentage of ash or screenings, 

16. Station-meter indexed. 

17. Air-meter indexed. 

18. Average pressure of gas through station-meter (mechanic- 
ally registered). 

19. Differential pressure or resistance of station-meter at 
maximum load. 

20. Average gallons oil and poimds of generator fuel used 
per 1000 cu. ft. manufactured. 

The Green fuel-economizer is a special device for heating feed- 
water, the apparatus consistmg of a coil of pipes vith’ an auto- 
matic scurfing dciice, through which the waste gases of the 
superheater pass. Expenments show that these gases enter the 
economizer at a temperature of about 1500 deg F , and leave it 
at between 400 and 700 deg. Through the heat thus absorbed the 
feed-water is enabled to enter the boiler at 350 deg , effecting a 
considerable 8a\’ing of boiler fuel. The only objection to this 
apparatus is the rather considerable cost of installation in the 
case of small works, the arrangement being particularly fortu- 
nate where gas and electric irorks are combined and the steam 
production amounts to a large portion of the total manufacturing 
cost. At the present time the Green Economizer Compsny sre at 
work on another type of generator, wdlh which they will preheat the 
blast air. permitting it to enter the retorts at a tempenature of 
about 400 deg., and effecting not only a saving from G to S per 
cent, in generator fuel, but a a*eiy considerable saving in the dc- 
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terioration caused by the chill to the checker brick of the other 
two retorts. 

Where large valves arc frequently used and arc important in 
their nature they should be suiroundctl by manholes properly 
covered to facilitate repairs and render them easy of access 

Flow of Water. — Great loss is sustained about works, offices, 
etc., by the leaking of \anous water fixtures, due to a failure 
on the part of valves to properly .seat, and the water escaping 
therefrom, often without possibility of detection, through drains 
and sewers. The followang p.ar.n!rraph and table are token from 
a paper written by W L Calkins, hvdraulic engineer: 

“Few people have even an approximate ide.a of the quantity 
of water which may be wasteil through small openmgs, and for 
this reason 1 give the following table, which gives the number 
of gallons *of water dischaiged through various small openings 
in 24 hours, under a pressure of CO lbs per square inch: 


Diun of Onfice, Inch 

Gallons 

* 

Cl 

A 

230 


907 

i 

. . 3,649 

J 

. . 14,616 

j 
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G^\S DISTRIBUTION. 


CHAPTER XII. 

NAPHTHALENE. 

Napitthaleni: is a hydrocarbon formed in comparatively 
small quantity (about 13 15 lbs. per ton of ordinary English coal 
distilled m coaUgas retorts, according to R W Iniin) during 
the distillation at high temperatures of carbonaceous substance 
such as coal and petroleum. It has been claimed that naphtha- 
lene can be formed m the gas after it leaves the retorts and during 
distribution, but this mow is generally held to be incorrect, and 
from the present knowledge of the subject it seems practically 
certain that all of the naphthalene found cither m coal-gas or 
coal-tar is produced durmg the distillation of the coal in the re- 
torts The molecule of naphthalene is composed of 10 atoms 
of carbon and 8 atoms of hydrogen, its chemical symbol being 
CioHq 

Properties. — It is a solid at onlinaiy temperatures and pres- 
sures, melting at a temperature of ITC* F. It will, however, exist 
in a state of vapor suspended in gas at temperatures far below 
even that at which it solidifies as long as the gas is not saturated 
with It. As soon as the point of saturation is reached the vapor 
pas'ses directly into the solid slate m the form of vetj’ light, 
fiat ciystals which occupy a large volume in proportion to their 
weight. It is this property which renders naphthalene so trouble- 
some to the gas-manufacturer, smee, though the weight contained 
in a given quantity of gas is small, the crystals occupy sufficient 
space to senously obstruct the apparatus and pipes around the 
works and the scr\’ices in which they are deposited through chill- 
ing of the gas. 
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Naphthalene obstructions in the apparatus and pipes at th 
works are usually removed either by flushing with hot wate 
or by steaming, the former being preferable smce the steam merelj 
melts the naphthalene, and unless it can escape from the pip 
at once it may cool down again and solidify in another part c 
the apparatus, nhile the hot water acts not only by melting th 
naphthalene, but also by carrj'ing it along to a certain extent i) 
mechanical suspension. It is well to use the water in considei 
able volume in order to secure this latter effect. 

Naphthalene is removed from sendee-pipes and small main 
by means of light naphtha, gasoline, or kerosene, which is pourei 
into and allowed to nm through the pipes, dissolving the crj'Stal 
and carrying the naphthalene in a liquid form back into th 
mains and dnps Sometimes wood-alcohol is used instead o 
naphtha or kerosene. If the obstruction is very light it may b 
blown out of the sendee into the mam by means of an air-pump 
or even by the lungs. 

Naphthalene m the form oC crystals, like water in the fom 
of ice or snow, will pass from the solid state directly into thn 
of vapor, and thus naphthalene that has been de^josited in th' 


same naphthalene may be rodcposited further along in the ^s 
tCTQ if the temperature changes so as to bring the gas tempera 
ture again to the point of saturation with naphthalene, and it ii 
probable that some action of this kind has given rise to the theory 
that naphthalene can be formed during distribution in a ga: 
which was free from it when it left the holders. 

Deposits.-— Accumulations of naphthalene in the inlet-pipes o: 
gas-holders occur most frequently in that portion of the pip( 
which passes down under the lank-wall and up inside the holder 
■\Vhen naphthalene exists in the pipe as a flocciilent lining ol 
approximately uniform thickness throughout a large portion oi 
its length, it can be removed by charging the gas with the vapoi 
of light naphtha, ga.s so cliaigM being able to pick up naphtha 
Icne deposited in the form of loose cr3’stals. The gas can b( 
charged with the vapor either bj’ injecting the naphtha into th( 
inlet-pipe in the form of a f>pray, bj* means of a steam-jet, or bj 
filling the drip nt the bottom of the pipe with URphthn. nhkh 
graduall}' evaporates into the pas pa.^^mg over it. Naphthalene 
in the condition named can also be removed bj* blowdng steam 
into the pipe in sufficient quantity to rai«e the temperature tc 
the point .at which the naphthalene will either melt and nm domi 
into the drip, from wliich it can be pumped out, or vaporize and 
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be taken up by the gas. In all of these methods it is necessary 
to have gas flowing through the pipes, so that the naphthalene 
as it is vaporized will be picked up by the gas and earned along 
with it out of the pipe, and there is alwajs danger that the naph- 
thalene so picked up wall be agam deposite<l at an inconvenient 
point during the further travel of the gas When naphtha vapor 
is emploj-ed this will condense at the same tune that the naph- 
thalene IS deposited, dissolve the latter, and carry it along to the 
nearest drip, thus prc\enting any obstruction, but when steam 
b used the liability is great that the obstruction wall be merely 
transferred from one pomt of the pipe system to another 

In many cases the presence of naphthalene is not suspected 
until it has formed, on the inside of the portion of the pipe which 
rises through the water m the tank, a layer of such thickness 
that it is detached from the sides of the pipe by its own weight 
and falls into the elbow making the turn from the vertical into 
the horizontal part running under the t.ank-wall, where it -forms 
a compact mass Such a ni.ass seem^ to be \cry little affected 
by heat or with naplitha in the liquid fonn. Hot water may be 
used in several wajs At one works, the water, heated by means 
of steam m an old boiler equipped for the purpose, the pressure 
being run up to between thirty and forty pounds per square inch, 
was conducted to flie holder by a temporaiy line of pipe 
Removing Deposits.— The operation of cleaning out the holder- 
inlet was carried on as follows The holder was practically emptied 
of gas, the time chosen being that when the stock of gas was 
small enough to be contained in the other holders, and kept so 
as long as pojssible, though this was merely to keep the weight 
of pipe to be handled at a minimum, as the holder could be raised 
through the outlet-pipe without interfering with the work. 
Through a hole drilled in the fop of the bonnet over the inlet- 
pipe was inserted a one-mch pipe on the bottom of which was 
screwed a 1 x i m L, the direction m which this L pointed being 
marked on the pipe at the top Tins pipe was, made long enough 
at the start to reach down to the bottom of the holder-inlet, and 
a number of short pieces of pipe were provided to screw on as 
the holder rose. The pipe fitted loosely in the hole in the bon- 
net, but a practically gas-tight jomt was made by wet cloths 
wound round the pipe at this point The pipe was supported 
and turned by means of a bar handle clamped on at the proper 
height. A hose connection being made between this pipe and 
that from the hot-water heater, and the water being turned on, 
It issued from the opemng m the L in a jet which broke up and 
dissolved the naphthalene and ran down into the drip, from which 
it was pumped, bnngmg the naphthalene with it both in solu- 
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tion and in suspension. The drip-pump was kept working all 
the time the hot water was being run in, so that the water should 
be pumped out before it cooled down and dropped the naphtha- 
lene. The water-pipe being turned so that the stream played 
against all parts of the inlet-pipe, a veij' complete cleaning could 
be given by this method. 

Another method of washing out the naphthalene is called 
“plungmg.” In this the inlet-pipe is sealed with water, the 
flange at the top of the vertical pipe outside the holder taken 
off, and the dnp-pump removed. The pipe is then filled as full 
of hot water as it is possible to have it without filling up the 
horizontal run commg to the holder from the station-meter. A 
plunger or wooden cylm<ler, about 18 inches to 2 feet long and 
a little smaller in diameter than the pipe, fastened to a pipe handle, 
the axes of the pipe and the cylinder coinciding, is then inserted 
and worked up and down, so as to impart a surging motion to 
the whole body of water The suigmg back and forth of the water 
dislodges the naphthalene that is» not dissolved, and the large 
pieces rLsing to the surface are fished out, the remaining fine par- 
ticles bemg pumped out with the water It is ratlier a difficult 
matter to pet the large body of water contained in pipes above 
6 in. m diameter moving mth sufficient velocity to dislodge the 
compact masses of naphthalene; but if the motion can be produced, 
“plungmg” IS a ver>' effective method for the removal of naph- 
thalene from the pipes. 

\\’hen naphtha or any other liquid solvent is used it is not 
economical to pour it into the pipe by itself, since if this is done 
it ^ill cut channels in the deposit, through which it will run to 
the drip before it is fully saturated nith naphthalene. A better 
efTect can be obtained by pourinc water into the inlet until it 
is filled to half its height. Then from four to five gallons of sol- 
vent naphtha are poured in and the water .slowly pumped out 
at the drip, so that the liquid praduallj* falls in the mam. The 
consequence is that the solvent, which forms a iaj-cr on the top 
of the water, is forcetl to act on the whole of the interior surface 
of the main, both where the latter is upright and w here it is nearly 
horizontal. The time during which it acts on the surface is deter- 
mined by the rate of pumpinsr, and thus may be made sufficiently 
long to complete the solution of the naphthalene. \Mien the 
solvent has reached the elbow, the rate of pumping is diminished 
in order to give it time to act on the greater horizont.al section 
of the pipe which then becomes eq>ose<l to it By this method 
of treatment the whole of the inner .surface of the pipe is freed 
from naphthalene, which is completely removed from the main 
through the pumps. 
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Preventing Deposits. — The vanous methods employed or 
proposed to prevent tlie deposition of naphthalene iij a solid state 
in the mains and services ma\ be du’idcd into tno general classes, 
those which remove the naphthalene from the gas at the works 
by means of some absorbent, and those which consist in add- 
ing to the gas-\ apors of liqviids bavu^ a solvent action on naphtha- 
lene and approximately tlie same vapor tension as that sub- 
stance 

Methods of the fir^t class have been adopted quite generally 
on the continent of Europe and to some extent m Great Britain. 
In them the pas washed or scrubbed with an oil which possesses 
the properly of absorbinp naphthalene vapor, the process being 
exactly similar to that by- which the ammonia is removed from 
the gas ... , i - . 

scrubber 
hea\-y tar- 

amount of benzol, from 4 to 8 per cent by weight, is added to the 
oil used, to saturate it and thus prevent it from absorbing benzol 
from the pa'^ and reducing the illuminating power. 

According to Dr Biieb at Dessau, Germany, an anthracene-oil 
boilmg between 4S0® and F is used, and 176 4 lbs. (10 to 20 
gallons) of this oil removed, from 706,000 cu ft of gas, naphtha- 
lene to the amount of about 200 gr.uns per 1000 cu ft. The 
capacity of the oil for naphthalene increases with the tempera- 
ture, and the naphthalene scrubber should follow the tar-extractor 
and work on comparatn-ely hot gas In some cases, however, 
two or three compartments of the ammonia scrubber are used. 
After being saturated w'lth naphthalene the oil can be put in a 
still and the naphthalene driveu off, or it can bo chilled, crys- 
tallizmg the naphthalene, which is then removed bj’ means of a 
filter-pre<!S In either 0.180 the oil can bo iKcd oier again If 
working on a small •■calc, it may bo more economical to run the 
saturated od into the tar-fank and sell it as tar. 

The frequently employed method of running into tho gas, as 
it goes out into the district, naphtha which becomes vaporized 
and tr.i\els along witli the pas, belongs to the second class The 
naphtha is usually addetl to the pas at the outlet of the povernor, 
being blown into the gas m a finely’ divided spray by' a small 
steam-jet atomizer The success of this method depends upon 
the precipitation of the naphtha in liquid form at the time and 
place at wiiicli the naphthalene is deposited, so that tho latter 
w ill be dissolved and carrictl oft by the former, and as this does 
not always occur the remedy is not always successful. 
j A mollification of the above methoil. known in English as the 
Hastings carburation jiroccss, consists in forming in the gag as 
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it goes out from the works into the street-mains a mist of oil, 
the oil used being one that is not volatile at ordinary tempera- 
tures. This mist, in verj’ minute drops, is formed by blowing 
the oil through specially constructed atomizers by means of a 
portion of the gas, whicdi is compressed to a pressure of 75 lbs. 
per square inch. It is found that in this state of mmute sub- 
division some of the oil will remain in the gas until it reaches 
the farthest point m the district, the conditions which will cause 
the deposition of naphthalene at any point will also precipitate 
enouch of the oil to dissolve this naphthalene and carry it off as 
a liquid It is stated that at Hastings one gallon of oil used in 
this way for each 166,000 cubic feet of gas is sufficient to do away 
with all trouble from naphthalene stoppages, although these begin 
to show as soon as the process is discontinued. 

Much information on the subject of prevention of deposits 
of naphthalene m street-mains and services can be found in Vols. 
LXXII to LXXVI of the Journal of Ga$4ighting. 

According to Dr Paul Eitner, in the Journal fUr Gasbeleuch- 
lung, Vol 42, p 89, 

One gram of benzine will dissolve 


0 32 grams of naphthalene at . . . 32" F. 

0 407 grams of naphthalene at. . . 50® F. 

From tables of the vapor tensions of benzine and naphthalene 
.3 found that 

One cubic foot of gas can take up 

3,25 grams of benzene at. . . 32" F. 

5 72 grams of benzene at. . . . . 50" F. 

9 45 grams of benzene at. 70" F. 


One cubic foot of gas can take up 

.... . . 32"F. ' 

. . 50" F. 

. . .70" F. 

The;e figures show that gas, if saturated, can carry 2000 times 
as much benzene as uould be required to dissolve the largest 
amounts of naphthalene the gas can hold at 32" F. 

Oif-tar, after being separaferf from off and entrained water, 
is suggested as a remedy for naphthalene, the gas being scrubbed 
through it in the same manner as with anthracene oil, when 
it will absorb about 25 per cent, of its own bulk of naphtha,- 
lene. 
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A Continuous Naphthafene Test may be arranged as foltowa: 


of naphthalene, a hea^ y precipitate will 
appear. A^oid use of rubber tubmg 
in making test. 

If gas contains tar, filter through a 
tube containing cotton. Tar will color 
solution bro^-n and prevent naplitlialenc 
precipitate forming. 

If gas contains an excess of ammonia 
— say more tlian 5 grams — bubble gas 
first through 5 per cent sulphunc-acid 
solution. Ammonia will color the acid 
red-brown and present precipitation 
One or more of the absorption bottles like 
that represented in I'lg. 2$ may be used. 
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CHAPTER XIII. 

MAINS. 

Capacity — The p.as-consumer is connected with the gas-supply 
in the works holder by undeiground pipes or mains with their 
branches and serwe-pipes These pipes are generally of cast 
iron, although m the natural-gas <listncts steel screw-Jomt pipe is 
largely used, and the connections to sei^uces arc made by tapping 
into the top or side .is preferred The formula for calculating 
the capacity of cast-iron mams was given by Clegg and attributed 
to Pole, being known as Pole’s formula, and is stated os follows: 

'■-'Wif- 


where P*cubic feet delivered per hour into atmospheric pressure; 
d = internal diameter of the pipe in mrlies, 
h = prcssurc on gas at entrance in inches of w.iter-hcad; 
p = spccific gravity of the gas, air=l; 
i = length of pipe in yanis 

The constant 1350 is amvetl at when considering a fixed fric- 
tion domed from vety old experiments Pome engineers assume 
this figure only for pipes 10 in or oi-cr in liiametcr, taking 1250 
for G- to 10-m pipes and 1000 for pipes under 0 in diam This 
formula is of course applicable to low-pressure {listribution only. 
\\Ticn lugher pressures arc emploi-e<l. such as ovist m high-pres- 
sure distribution or natural-gas practice, a formula must lie em- 
ployed taking into consideration Ixith entrance and terminal 
pressures, influence of compression and temperature, such as that 
dcvclopetl by Professor Robinson* 


JT-O'id 7’.*+*h>)(Pi 
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where 7'o=4Gl +37=49S dc;j F , the absolute temperature at the 
maximum density of water, 

ri=ab5olute temperature of gas after deliver}’ (4Gl+d^. 

F). 

7’3 = ab«nliite temperature of gas in the main, 
d = diamcter of the pipe in inches; 

Z. = length of mam in miles, 

Pj =imtial and 

pj = t€rminal gaze pressure in lbs per sq in , and 
3 =spccific gravity of the gas transmitted (that of natural 
ga-s hemg (I G) 

The Cox gas-flow tompulcr, a slide-rule device, was calculated 
from this formula’ 

I--:u />,=), 

where Pi and Fj are the initial and terminal pressures absolute 
(14 7-)-g.i2e prc'->ure) in lbs per sq in A more accurate deter- 
mination b} actual test is made by the Pitot tube, described in 
the chapter upon Pre'-surcs J D Shaltuck in 1905 made a re- 
port upon the \anous formulas for this purpose to the Ohio Gas- 
light Association, subsequently published m Progressive Age. In 
comparing the capacitic’* of mams it is thus seen that this vanes 
u-s the square root of the fifth power of the diameter. 

(lep 

tioi 

ton , ... 

tlie nominal frost-line, which vanes from 6 ft. m Canada to some 
24 in in the Southern States For onlmary purposes, however, 
30 in. below the ground gener.ally gives satisfactory results Such 
laying, however, depends somewhat upon topography and local 
conditions, such as the presence of server-lines and -services, water- 
mains, etc It IS necessary, of course, to lay pipe upon a grade 
sufficient to completely dram it. and it is economical and good 
practice to l.iy as long a line as possible without putting in dnp- 
pots. As an ofTsot, however, to this is the increased expense of 
ditching not only in the initial mstallation, but the subsequent 
laying of service-lines 

The wTiter strongly advises that at no time shall a smaller 
size of c.ast-iron pipe than 4 in diam be laid. There arc occa- 
sions where di'tricts will not require a larger size than 3 in. for 
an indefinite period, but these are rare and generally can be sup- 
plied by long services of wTought-iron pipe. 
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A good average weight for 4~in. cast-iron pipe is 220 Ibp. per 
length of l2 ft., or in the neighborhood of 18 lbs. per ft. A lighter 
pipe than this is not advised, as it is impossible to anticipate what 
crashing it may have to eodvac, to say nothing of the ad- 
vantage of strong bells for calking. 

Specifications for various classes of cast-iron pipe and fit- 
tings, as designed by the Committee on Research for the Ameri- 
can Gasiizht Association, are appended to this volume. 

Gradient. — The minimum grade permissible for draining 
mains should certainly in no instance exceed one inch per 100 ft. 

How Mains 5houiJ> Be BedOEO, 



f Fu s-Aca»/iecr 

Bl octtirt Cf! Tip OP Of* T. 

Fio. 29 — Fropct Method tor laying Mains in Trench. 

of main. This, however, is about the minimum permissible in a 
sewer. ItTierc a greater hydraulic liead as well as hydraulic 
radius is obtained, the hydraulic radius m gas-tnains is so exceed- 
ingly sm.-!!! and the viscosity of the condensation (composed 
lately of tar and other oily ingredients) is so great that better 
practice suggo.sts a fall of at least a quarter of an inch, or better 
0 318 m per length of 12 ft. of pipe This U'more necc^aiy in 
JoM -pressure mains than in high pressure, the latter having less 
condensation and the velocity of the pas tending to free the main 
from liquids collecting in trapped portions. 

\Vherc the .soil is b.ad and ^lifting, the bottom of the ditch 
should be blocked. This should be done in any event where 
the size of the pipe e.xcceds 18 in. diam. These blocks, usually 
'’X12X20 in , should be below the lei-cl of the bed of the ditch, 
as'per Fig. 20, the whole auiface presented to the pipe being 
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flush and fonning a continuous bearing for it. The same gra- 
dient or fall of the pipe is tnamtaincd throughout. 

District mains should be in\ariabl)' laid ^\llh an allowance 
for extension of business, and the calculation should be based 
upon a system, which, when lo.ade<l to capacity, would not show 
a pressure drop at the moment of peak-load m excess of 25 per 
cent., 20 per cent, bema better practice. 

Pipe-joint Specifications. — The following are the specifica- 
tions of the United Gas Impro\ement Co of Philadelphia, for the 
making of lead joints: “* Each spigot end should be dni’cn home 
into the bottom of the bell, the jomis should be well calked with 
jute packing, the greatest care should be taken that the packing 
is calked as solid as the jarning-iron and hea^’J’ hammer will 
calk It. This joint m itself should be gas-tight The calking 
should be done e\enly, so that all parts of the joint will be evenly 
sohd. The lead should be of the best quality of soft lead and 
the amount required per joint approximately as follows: 


3<in pipe about 2} lbs. lead. 
4-m “ “ 4 “ “ 

‘ “ 7 

‘ “ 10 

. .. 14 

• “ J8 

■ “ 28 

. .4 32 

• “an 


4-in 

6*in 

^in. 

10-in 

12-m 

10-in. 

18-in 

20-in. 


"The weight.-? given above have been found to be sufficient 
if the yarning has been properly done The lead should be evenly, 
gradually, and thoroughly calked, so that when finished all parts 
of the joint will be of an equal devree of hardness In no case 
should a jomt be completely calked at one part before the other 
parts of the joint are taken in liand. 

“In laying mams, when it is required to turn a comer, or to 
make a bend for any purpose, elbows or specials should always 
be used It is bad practice to make a bend by making each 
joint give a little and thus dispensing with the use of a special. 
Quarter bends and eighth bends can be always obtained, and 
special angles can be made by the use of circle bends These 
specials can be cut so as to (4)lain almost anj' required ancle 

“Great economy will result from the proper handling of the 
ditch or trench in whicii main is to be laid.- Tlie earth, stone, 
gravel, etc , should be separated upon bciiur excavated with large 
forks, each according to its kind, and in back-filling should be re- 
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laid in strata, tlic larpc stones fir-t, then smaller stones, and finally 
gravel with the dressing of looae earth, each stratum being sepa- 
rately and thoroughly tamped into place. This back-filling, uhen 
properly done, will not settle and leave a depression in the street. 

“No larger ditch or trench should be excavated than is actu- 
ally needful for the size of pipe to be laid. An approximate table 
of the width of a trench for vanous sizes of pipe is herewith given. 


0-in, 

8-in, 

12-1 


diameter, width 20 in. 


I6-in. 

20-m. 

24-m 

30-in 

3G-in. 


24 in 
30 in 
35 in 
40 in 
44 in 
50 in 
56 in 


In e.xcavating the bottom of the trench should be carefully 
graded and bell-holes made at inter\'al3 of 12 feet. The bottom 
of the ditch shall be such as to give a continuous and positive 
bearing for the main. 

“In running lead joints, standard pipe being used, the spigot 
end being first rammed home, the space formed by the junction 
of the spigot and bell shall be filled and calked with strands of 
tarred oakum until the space is filled to give the lead depth 
required for the sue of pipe, and driven up sufTiciently tight to 
cause the yarning to spring back uhen impinged Tliis lead 
depth to be left in the bell should vary' with different sizes of 
pipe and should be about as follows: 


4'in. diameter pipe, 
6-in. “ “ 


S-in. 





“ li ' 

12-in. 





“ IJ ■ 

IG-in. 





“2 ' 

20-in. 





.. . 

24-in. 





" 2} ‘ 

30-in. 





“ 2* ' 

3G-in. 





" 2i ‘ 


H ‘ 


All joints when nm should be flush w-ith the face of the bell, 
and should they bo drnen up in calking more than J in. they 
should be re-run. 

“All joints should be im-ariably tested before joint-holes are 
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hack-fillcd It best \\hcrc feasible to test lonp sections of pipe 
by pnmpinR up an air pressure, uang a pressure-sa^e and noting 
loss of pressure due to leakage. Tlie test pressure sliould not be 
less than 5 lbs. per sq in. (10 m. of mcrcur>-). Ilut where this 
method 13 impossible each joint should be covered with heavy soap- 
suds while under gas pressure and an examination made for 
bubbles. 

“It sometimes becomes neccssaiy to use a split sleeve in the 
case of a broken m.ain, although its use is to be avoided, ^\^len 
used, however, it is an mvanablc rule that the two ends of the 
pipe should be bound tc^ethcr by wrapping with unbleached 
muslm or canvas, a mixture of red load and white lead being 
spread in the folds of the cloth, the whole securely w’rapped with 
strong twine or cord, and coated with shellac The width of 
the wTapping should be such that the sleeve projects on either 
side at least 2 inches After this is completed the split sleeve 
is to be applied, care being taken that there should be no leak 
at the flanged joint It is sometimes necessary if the flanges 
are not faced that the joint between them should be made with 
tar board which has been softened by soaking in warm W’ater. 
It is better, however, to face them by grinding them upon each 
other with fine emerj- nowder 

“ It « w ell to purchase all ca-st pipe and specials uncoated, var- 
nished, or tarred, as defects m the casting, sand-holes, etc., are 
frequently concealed in this manner, even to the temporary stand- 
ing of gas pressure, but in the long run such stoppages will give 
way and leaks occur 

“\Vhen it IS necessary to work upon a broken mam, etc., in 
frozen ground, it is convement to thaw the ground in the follow- 
ing manner A recess G or 10 inches deep is dug over the section 
of mam to be worked on, and of the desired length. This is filled 
with a good quality of unslaked stone lime and several buckets 
of water thrown therron The recess is then covered closely 
with old cement sacks and boards and left for several hours. In 
this manner the frost can be drawn from the ground for a con- 
siderable depth 

“ When It IS neccssarj’ to cross a bridge with a gas-main, the 
practice should be to run from the lower level in the street to 
the upper le\ el on the bridge a pipe of larger diameter than the 
pipe to which it is connect^, for instance, let A = the main and 
F=the risers and specials crossing the bridge, then when a main 
is 3 in It requires the riser to be G-in. diam ; A 4 in., B must 
beSiw.-, a vaam rtqwiTts a IftAn tvsw, aw S-in. mam n W-in. 
riser, a 10-in. mam a 14-in. riser; a 12-in. main a IG-in. riser, and a 
16-in. main a 20-in. riser. Should the pipe crossing the bridge 
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be exposed, expansion joints should be placed on either side to 
take up vibration and change of temperature. 

“All records of drips and valves should be carefully kept not 
only in a file inde.x, but also entered upon the company’s map, 
and extensions and changes corrected thereon and kept up to 
date.” 

The following paragraph, taken from the gas educational 
trustees of the American Gaslight Association, cannot be too 
forcibly urged upon the attention of engineers and foremen: 

“In the laying of street mams it is of the utmost importance 
to see that all pipes arc on a slight incline or gradient, so as to 
drain all condensation to a given point which is situated at the 
lowest part of the mam, where all the condensation is collected 
by means of drip-wells If the pipes are not laid on a perfect 
gradient there would be a collection of water in the various parts 
of the pipes where sags or traps occurred, which would hinder 
and stop the flow of gas according to the depth of the trap and 
the amount of water therein ” 

For all sags in the pipe-Jme, drips, or traps, proper drip-pots, 
such as described in the standard specials of the American Gas- 
light Association, should be provided. 

^ment Pipe-joints. — Tlie following information upon this 
subject will be found in the Proceedings of the American Gas- 
light Association: 

“The cement joint for street mains is cheaper than the lead 
joint. It is more rigid, and under changes of temperature is 
more apt to remain tight The lead joint is more easily cut out 
than the cement joint, more easily repaired, and has the advan- 
tage of ‘coming’ and ‘going’ with the changes of temperature, 
wych, in the case of the cement joint, might fracture the pipe.” 
(See Vol 13, p 47 ) 

“The joints commonly cmploj’cd in tjiis countrj’ for connect- 
ing together the separate lengths of cast-iron pipes are the lead 
joint and the cement joint. Tlie load joint, uhilc, as a rule, more 
e.vpensive than the cement joint, has the advantage of being 
more easily cut out, more easily repaired, and of alloiiing the 
pipes to expand and contract, under the influence of changc.s of 
temperature, without fracture, since the lengtlis can move in 
the joints. On the other hand, the cement joint is chc.aper and 
more nsid than the lead joint, and when properly made will 
lemain ti^ht under almost any posable condition'^. A line of 
pipe laid with cement joints if cxpo^I to changes of temperature 
will not show small leaks at Ihc joints as will one laid with Ic.ad 
joints, but, on the other hand, it will probably be fracturcl in 
one or more places. In most instances the choice between lead 
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and cement joints is determined by the relative disadvantafes 
of a number of small leaks, no one of which is lar^’e enough to be 
dangerous, and one large leak, i\hich, though it will be quickly 
detected, may cause great damage before it can be repaired. In 
one large city lead joints are used in the heart of the city, where 
gas from a large leak would be apt to accumulate in cellars, sewers, 
and electrical conduits, with danger of disastrous explosions, and 
cement joints are used m the outskirts, where the conditions 
are favorable for the gas from a leak passing away mto the open 
air without forrmng an explosi%e mixture in any confined spaces.” 
(See Vo! 17, p 137 ) 

‘‘Use Portland cement. Natural cements are not uniform in 
quality, and, as a rule, are too quick-setting to permit of their 
u«e with safety. In selecting the brand, take a relatively quick- 
setting Portland If the cement sets too slowly there is danger 
of the finished joint being disturbed before setting. Use the 
cement neat — no sand Use the cement as dry as possible, so 
that It requires hammering the vam against it in order to bring 
the moisture to the surface When sufficient water is added 
the cement will still appear crumbly in tlie pan, and will just 
retain the impression of the finrers when squeezed m the hand. 
The cement should be used immediately after mixing, only 
enough being mi.xcd at one time for, say, two joints, if it lies 
unused over five minutes, it should be discarded. The cement 
remaining in the pan should be entirely removed before mixing 
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up any new cement In mixing cement, first determine the 
quantity required for one joint, and the quantity of w’ater re- 
quired for this cement, and then always use the cement and water 
by measurement Use jute yam, untarred. the jomt is 

made the yarn and sides of joint maj* be moist or damp, but 
should not be wet (Fig 31) The finished joint should con- 
sist of one roll of yarn (A) of the exact circumference of the pipe, 
twisted and driven tightly to the bottom of the bell; then a 
solid ma<5S of cement (B) extending to a point about 1.5 in. 
back of the face of the bell, then a second roll of j’am (C); then 
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a facing of cement (Z>). Do not make a large fillet extending 
to the outside diameter of bell. In entering the cement be verj’ 
careful to completely fill the whole space. A wooden pusher 
shaped something like a ynming-tool is useful for pushing back 
the cement after it has been entered by the hand. Sometimes a 
roll of yam is used to drive the cement back, the yarn being 
withdrawn, more cement entered, and the process repeated until 
the desired quantity has been entered. After the first yam is 
in, and before the joint is made, the pipe should be thoroughly 
bedded and tamped in between the bell-holes, to prevent any 
movement of the joint after it is made. When the joint is made, 
it should be protected from the sun As few joints as possible 
should be made m the ram All joints should be tested before 
being covered up The test is made by connecting gas pressure 
to the new pipe through a meter, thus measuring the amount 
of leakage, if any If the meter indicates leakage, the holes 
should be found by using soap-suds on the joints Fire should 
never be used. Better still, an air-pump and mercurj’-gage 
may be emploj’cd The joints should be tested only after the 
cement has set sufficiently to prevent its being hurt by the soap- 
suds; where feasible, this should be on the following day. 

“In the sketch (Fig. 31) is a side view of a G-in. cement joint, 
with part of the hub removed, showing cement and packing. In 
the sketch C is the cement, P packing. After the pipe has been 
‘sent home’ graded, and the joint equalized os near as possible, 

1 in. of hemp packing is firmly driven in as shown in the pre- 





Fio. 31. — Anofber Fonn of Cement Joint 

vious illustration; then 1 in of cement and 1 in. more of pack- 
ing, followcil by IJ in. of cement, of which J in. is on the 
outside of hub, and slopc-s from center of nm dotm to pipe a.s 
shown. To make tliis joint requires 3J pounds of cement and sand 
mixctl dry — 2 parts of cement to 1 of «and — and 3 ounces of hemp 
packing. The joint can be made in 15 minute's.” 

Lead Pipe-joints. — “In making a lead jdint in C-in. ca.<;t-iron 
main, the first step in the operation, after the spigot end of one 
length h.-is been insortctl in the bell of the other and the length 
driven home, lined up, and fixed in place by the tamping of a 



MAECS. 


little dirt around the middle of r. i- to f.l t'] \ 

a portion of the joint space betweet. ta< • u 
amount of space so filled beiris deteriitjed n ^ 
which it is desired to ha\e lor ordii-j'’.' t 
C-m pipe the depth of lead may !>e tal.*-*! s 
space will therefore be filled \Mth pi.«»jv {< : 
from the face of the bell Jute pu»km;' , 

is usually employed. Paekin" whi»L hu.- lAy u 
a small quantity of tar can be dn\«^i t-" - 

mg, but, tar being cheaper than juu-, n i.- i >' 
ence of too much tar m tarreii paclnu' av f _ 
packing is often given the pr^erciM / , 

strands of packing should be tiM.'-t*-! to fo" 
eter a trifle larger than the iM'llh »!.< 
should be cut into pieces of hikIi h-nytl 'Xr 
into close contact when a picic to plaM.d ^.7 
the spigot end of the pipe uixl |iu]l<«j w. i.. 
pieces is used to lift the »ni 2 oi end j’ i- , 
of the pipe previously laid, and ii wut hviv . 
mg the spigot central in the boll and avo.-:. . • 
wedging It up after it is in place 'J'hi- ;,.«■<> */ J 
solidly into place in the bottom of the y„’\' . \ 
a calkmg-hammcr and packing -iron, t-.d </‘7* . 
serted one at a time, the joint m cii-i, ’ 

fourth of the circumference away frooi . ' 

cedmg ring, and each driven honu-, a ^l|*v7 
used to fill the joint space to the n/, , ' 

1 5 in. for the lead The packing inur* U / * ’ 
the finished layer must be of iiniforin 
space will be uniform all around th<* pij,< • ‘ 
form of joint runner is then placc<i aro'n.d »v 
pipe, being brought tight agaiitot the \utA >f x 
asto leave a triangular space, having iff ,* 
apex on the face of the bell slightly nlx«y4, ' ' 
the lead can fill and thus make it reriaii, 7 '* 
jomt will bo of the shape shown in f|«* y" 
into the joint and this space until both m «, 
the lead stands above the highest jHiini tA “ ‘ 
bell, the lead being poured in through atj 
on top of the pipe mien the lead li.'is |j jt'J. ' * - . 
is removed, and the ‘gate’ or lump ' / 

for pouring was made is cut off. ^if UiX ‘ ' 
around the pipe with a cold chisel and ** ’ 

separates the lead from the surface of the , 

in which the first calking-tooI, the face ^ - 
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thick, can fit. The lead is drh'en all around with this tool and 
then with tools successively increasing in thickness about i in. 
until the full width of the joint has been reached. The work 
nith each tool should be b^un at the bottom of the pipe and 
carried around each way, finishing up at the top. The thickness 
of the last tool u'^cd should not be greater than the width of the 
joint, and the driving v.ith this tool should cut the lead off sharp 
with the inside edge of the bell, otherwise there is danger that 
the force of the blows will be expended against the face of the 
bell instead of doing the full amount of work that it should do 
in compressing the lead in the joint. In order to have the tools 
fit tlic joints exactly it is well to have them made in sizes vary- 
ing 111 thickness by A m , thoueh it is only necessary to use on 
any joint tools varjing by J in., the proper sizes being selected. 
The position in which tools are naturally held when calking the 
joint will give It the finished shape shown in the cut, if the joint 
runner has been put on properly and sufficient lead used. There 
will be required for making a C-ln. lead jomt about 7 to 8 lbs. 
of lead and 7 to 10 oz of jute packing A good workman should 
bo able to average nearly 3 joints an hour for a day’s 
work ” 


TADLr OF CEMENT AND YARN REQUIRED, AS PREPARED BY 
VON MAUR. I«05 


Pite of 
Pipe 

Cftnenc in Qu«ru 

remtm 1*1 Pnundi 

W*tef IB Pint* 

Ytrn » 
Ounces. 

4" 

1 to 1) 

3 25 to 4 10 

t to 11 

. 4 

G" 

U (0 2 

4 10 to 5 50 

ij to 1 | 


8" 

2 to2J 

6 50 to 0 87 

a to ti 

8 

10" 

2) to 5 

G 87 to 8 25 

IJ to 2 

10 

12" 

3 to 4 

8 23 to n 

2 to 24 

12 

IG" 

4 to 5 

11 to 13] 

2lto2i 

15 

20" 

5 (0 6 

13) to ICt 

2) to 3) 

20 


8 to 8] 

20 to 23 

5 to 5} 

27 

:to" 

7 to7J 

10 to 21 

4 to 4] 

27 


Advantages of Various Joints. — “ In England and on the con- 
tinent of Europe a great variety of joints for c.Tst-iron pipe have 
I cen (levi«ed and to a certain extent used Thc«e include mov- 
able flatre joints, clip joints, collar joints, screwed joints, bell- 
anfl-«j)i ot joints in which the joint is made by me.an3 of a vul- 
r,mizcd rubber nne, .and boroJ and tumoil joints as well as the 
fixetl fiance joint.s. bc!l-and-spi<»ot joints of lead or cement, and ' 
ball-and-socket joints, which arc practically the only joints used in 
this countp.’, and are therefore the only ones con.sidere<l in this 
article, ri.-inge joints allow of an ca.sy romo\al, when desired, 
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of any one of the vanous pieces of pipe They are, however, 
verj’ rigid, and their vse is confined to lines of pipe above ground 
and' at the ^\orks. On long, straight lines of flanged pipe one 
or more expansion joints should be provided to relieve the pipe 
of the strains that would be thrown upon it by its expansion and 
contraction under the influence of changes in temperature. Rall- 
and-socket joints are expensive and a c used only for lines where 
great flexibility i. nece-ur/, as m la-’ in'- pi es under water. 



Fii, 32.—" Cup.nnd'bai] ” or swivel joint, especially used in crosslog rivers, 
or any occasion wlierc il w necessary foi the pipe to " Des.’" 

Disjointing Cement Joints may be most c.asily effected by 
the heating of the pipe bell and joint, after the fashion of melting 
out lead joints 

Cement joints should never be m.idc in pipe recently exposed to 
the sun, without first reducing the temperature of the pipe to that 
of the atmosphere by wet cloths or water The fresh joint should 
be protecteil from the heat or cold by shrouding it in wet or drj 
burlap or bagging respectivclj'. 

In cement joints untarrc<l yam is to be preferred, making a 
more homogeneous joint 

Combination Joints. — A frequent practice i-> to lay the 
pijics with cement joints, c.xccpt at intervals of from six to 
twelve lengths, where a lead joint would be put in to act as 




154 


AJIERICAN GAS-ENGINEERING TRACTICE. 


an expansion joint — the location being marked and noted, and 
the lead jomt occasionally examined. This should make cement- 
jointed pipe practically as free from liability to fracture as lead- 
jointed lines.” 

The nhole secret of success in joint-making lies in the yarn 
and calking. Ever}’ yam joint should be in itself perfectly 
gas-tight, and every joint yarned or finished should be driven 
up perfectly tight with the calkmg-tools. Tlie first requisite of 
cement joints is that no more cement should ever be made than 
IS to be used mlhin fite minutes, all of the remaining cement 
being thrown away and discarded, as after that time the setting 
has begun to take place. 

In the smaller sizes of pipe, where it is inadvisable to use a 
chisel m cutting, roller cutters, such as the Hall, manufactured 
by the Walworth Mfg Co. and the Rodefeld Jlfg. Co, may be 
found advantageous The rollers in these cutters may be removed, 
retempered, and sliarpene<l 

It should be remembered as the basal principle of all cast- 
iron nipe*jomts, whether lead or cement, that the first yam driven 
should be of itself independently “gns-tigbt.” If this work is 
properly executed, the yam being tightly calked and conscien- 
tiously worked o\cr, the material subsequently used is a matter of 
secondary importance 

Hlgh-pressurc Pipe-joints.— In laying high-prc5«urc mains, 
which should be of extra hc.avy wroiight-iron or steel pipe, where 
the usual coupling is u«(n1.ii is pood practice, after carefully lubri- 
cating the joints, to make up four or five sections of pipe hand- 
ticht, when the whole may be screwed up with a power-winch. 
This should be done so that each joint is turned to a point where 
the threads completely disappear within the socket or coupling, 
and the whole will be found not only a most effective joint, but 
capable of cxtraordinaiy speed m c.xccution, thereby greatly 
facilitating and c.xpediting the l.nbor of mam-laying. 

For the taking up of bends in the pipe, obviating the efToct-s 
of imperfcctl} calked joints, and to reduce the electrolytic damage 
of current jumping around the joint, a pipe ha*! been dcsignwl, 
under the name “ Umvcrs.al,” in which the hub anti spigot ends 
are machincil to fit tightly without any packing what.'socvcr. The 
method of bolting sections together by flanges and a section of the 
joint are shown in Fig. 33. 

Fig. 31 illu-stratcs not only how to allow for the extra length 
r.au«<vl by the joint, but nNo, by the it«o of .'ihnrt piece.*! and a 
nipple, how any dcsirtxl length may Ik* obtained. 

For ordltiar}' pressure Uni\rr«al joints should not he drawn 
clobc up. When ordering pipe for exact mca.«iurcments allow, in 
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addition to the pipe lengths, for each male end as specified in 
the table below, which given the average exposure of the joint 
when made up as leprescnted by letter A in Kig 34. 



Fkj — Umv«n>a.l Jomt Coai«ciioTa. 


1, (he tiub end o( a 4-in pipe 3. 4*in cloec nipple 
S.4-X9-m pipe, 6.4-xii-iD rpsce nipple, 7. 
part of (be iQiot 


Diam Pipe, Awraged Exyioicd Portion of Joint 
Inches represented by A, Inches. 



The following are some of the usual forms of high-pressure 
pipe-coupIings: 
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an expansion joint — the location being marked and noted, and 
the lead joint occasionally examined. This should make cement- 
jointed pipe practically as free from liability to fracture as lead- 
jointed lines.” 

The whole secret of success in joint-making lies in the yarn 
and calking. Every yam joint should be in itself perfectly 
gas-tight, and everj' joint yarned or finished should be driven 
up perfectly tight with the calking-tools. The first requisite of 
cement joints is that no more cement should ever be made than 
IS to he used tntkin five minutes, all of the remaining cement 
being thro^-n away and discarded, as after that time the setting 
has begun to take place. 

In the smaller sizes of pipe, where it is inadvisable to use a 
chisel in cutting, roller cutters, such as the Hall, manufactured 
by the Walworth Jlfg. Co. and the Rodefcld Mfg. Co., may be 
found advantageous The rollers in these cutters maj* be removed, 
retempered, and sharpened. 

It should be remembered as the basal principle of all cast- 
iron pipe-jomts, whether lead or cement, that the first yam driven 
should be of itself independently “gas-tight.” If this work is 
properly executed, the yam being tightly calked and conscien- 
tiously worked over, the material subsequently used is a matter of 
secondary importance. 

Higb«pfessure Pipe-joints. — In laying high-pressure mains, 
which should be of extra hca\y wrought-iron or steel pipe, where 
the usual coupling is used, it good practice, after carefully lubri- 
cating the joints, to make up four or five sections of pipe hand- 
ti"ht, ^hen the whole may be 5crcwc<I up with a power-winch. 
This should be <lone so that each joint is turned to a point where 
the threads completely disappear within the socket or coupling, 
and the whole will be found not only a most effective joint, but 
capable of extraordinary' speed in execution, thereby greatly 
facilitating and expediting the Labor of main-la\ing. 

For the takin:: up of bends in the pipe, obviatinc the effects 
of imperfectly calked joints, ami to reduce the electrolytic damage 
of current jumping around the joint, a pipe ha.s been designed, 
under the name “ Uniacrsal,” in which the hub and spigot ends 
are machined to fit tightly without any packing whatsoever. The 
method of bolting sections together by flanges and a section of the 
joint arc shown in Fig. 33 

Hg 31 Ulu«tratcs not only how to allow foe the extra length 
c.au^eil by the joint, but 3l«o, by the use of short pieces and a 
nipple, liow any desired length may l>c obtaincil. 

For onlinarj prt«'urc Uiiucrsal joints should not be drawn 
clo=c up. Mlien ordering jitjxj for exact measurements allow, in 
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addition to the pipe lenftths, for each male end as specified in 
the table below, which gives the average exposure of the joint 
when made up as represented by letter in Fig. 34. 



FiQ 30.— t nncr^alJoint. 


0- 

ZZISIWJ 

Fio 34 — UancrKal Joint Connections. 


•in clow nipple. 1 4-in elbow, 4. 4.in X2-tt pipe; 
nipple. 7. 4-iq lee, i m , «hich u tbs expos^ 

part of tbfl joint 

Diam Pipe, 

AvcTAgcd Exposed Portion of Joint 

Inches. 

represented by A, Inches. 

2 


3 

• . . ,v 

4 . 

i 

5 . 

i 

G. .. 


8 ... 

i 

10 

i 

12 

f 

14 

iV 

The following are some of the usual forms of high-pressure 
pipe-couplings 
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Although high-pressure sei^iee merely exaggerates the con- 
ditions of low-pressure transmission, the increased duty is so severe 
and these conditions so strongly emphasized as to make necessary 
and essential a perfection of cnRineerii^, material, and workman- 
ship w Inch w Quld in more or less degree be otheni ise commercially 
dispensable 

The pipe used in hi^h-pressure work should be e\tra heavy 
iron or steel, and of the best quality' of meter, witli the closest 
approMmatiun to an equality of texture throughout, free from chilled 
spots, coro« sand-holes, etc 

The threads should he taper and constitute the best order of 
machine work, which threads in the transportation, assembling, 
and fittine of the pipe should receive infinite care, to prevent bruis- 
ing. chamfering, or strippmsi These threads should be carefully 
examined by a competent inspector immediately before “raaking- 
up ” all pipe w ith defective threads being discarded, their threaded 
section being cut off and the threads ro-run Although this may 
seem an c\tra\agance. it is In reality economical practice, and 
should be adhered to without deviation 

The quality of % alves. cocks, fittii^s, etc . is also most important. 

Commercially speaking and to all practical purposes, the quality 
of brass varies between two extremes its Inghest refinement 


facturc of fittin'-s, he between these extremes, although the former 
is occasionally and the latter frequently reached 

Red brass of the composition named attains a tensile strength 
of CS,000 lbs per square inch, while the yellow alloy’ runs as low 
10,000 lbs per square inch tensile strength, the various compositions 
and formula now m commercial service varying between these 
cLxtremcs very exactly m ratio W'lth the preponderance of copper 
and the amount of tin and zinc. 

As the proportion of lead, zinc, and tin becomes higher and the 
preponderance of copper less in the mixture obtained each ingre- 
dient prcseiwes more distinctly its individual characteristics and 
attributes 

Going from red to yellow brass, the tendency is to revert from 
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necessary to overcome this tendency by a certain amount of agita- 
tion ; if tins is incomplete, the result is an unequal distribution of the 
•elements throughout the admixture. This condition tends to 
destroy any possible homogencit}’ in the structure and fiber of the 
resultant casting, and such inequality in the metal causes rapid 
exconation, unequal grinding, as well as scoring of working parts 
and bearings where they meet. 

If we take two fittings, one a red and another of the yellow 
metal, and place them on an anvil, striking them in succession with 
a sledge-hammer, using the same degree of force, it w ill be obseiwed 
that while the red-brass easting maj* become slightly distorted, the 
brittle jellow -brass casting will fly in pieces. This is due to the 
extreme tenacity, ductilitj . and elasticity of the red brass obtained 
from its copper component, a peculiarity which the WTiter has 
obsen-ed in fittings during experiments with the Barrett pipe- 
forcing jack. In a number of instances where obstructions were 
encountered, under the enormous amount of pressure from the 
jack, the fitting was completely distorted without breaking, but, 
even m its distorted condition, preserved its tightness against 
leaking. Moreover, It was found even in the case of the standard- 
weight fitting that the pipe in the connection ruptured under the 
stress before the fitting would giic way. 

Another illuxtration of the extreme tenacity of the retl brass is 
shown by the fact that it ts nearly 50 per cent, more difficult to 
machine, polish, and buff than is yellow casting, being ■prima facie 
proof that a metal which will resist the incursion of the machine 
tool will po-v'CNS p.aramount qualities from a wearing standpoint, 
and pos.«cs.«cs the highest rchi.st.mcc to all forms of erosion. 

While copper is not ordinarily nITcctcd or corroded by such 
agencies as moisture or acids inducinc rust and oxidation, yet tin, 
riiic, and lc.a<l arc especially aflcctcd by thete, and we may there- 
fore s.sy that fittings arc sH«cei>tiblc to nist. oxidation, or corrosion 
in direct ratio with the amount of tin, nnc, and lead which they 
contain. 

In.asmuch as corrosion attacks that portion of any structure 
which is most delicate, its inro.ads principally afTcct the thre.ads and 
working surface of these fittings, and leaks are more often occa- 
sionctl bi tills agency th.an .arc usually concctletl. 

1 Isju'cial attention is here callcil to the fact tliat in testing a fit- 
ting for high-prt“"ure g.as or air, the hydraulic tost is only goo<l as 
iiiilicating tlic fcn-'ilc strength of the fitting and not to indicate 
tighliifs.s, it being founil tliat x'ahca or cocks found tiglil unilcr 
the .100 lbs. cif water pre-surc frrqucntli leak when subjecftHl to 
•10 ibs. of air. This f.ict seems little known among either m.anu- 
facturers or engineers, but it will be found, as a rule, that when a 
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fitting is found tight under a pressure of 40 lbs it will be tight 
under any other reasonable pressure, or, generally speaking, up to 
its safe working capacity or even to the rupture point of the metal. 

Globe-^al\os, Tees, and Elbows.- — The reduction of pressure 
produced bj globe-valves the same as that caused by the follow- 
ing additional lengths of straight pipe, as calculated by the formula 


Additional length of pipe= 


ll4Xdvameter of pip e 
1 + (3 C — diameter) 


Diameter of pipe I 1|2 213 31 4 5 6 inches 

Additional length . 2 4 7 10 13 16 20 2S 36 feet 

Diameter of pipe 7 8 10 12 15 18 20 22 24 inches 

Additional length 4l 53 70 88 115 143 162 181 200 feet 


The reduction of pressure produced by elbows and tecs is equal 
to two-thirds of that causctl by globc-valve? The following arc 
the additional Icngtlis of straight pipe to be taken into account 
for elliows and tecs For globe-valves multiply by 


Diameter of pipe 
Additinnai length 
Diameter of pipe 
Additional length 


1 li 2 2} 3 4 5 Cinches 

2 3 5 7 9 11 13 19 24 feet 

7 8 10 12 15 18 20 22 24 inches 

30 35 47 59 77 96 108 120 134 feet 


These additional lengths of pipe for globe-valves, elbons, and 
tecs must be added in cacii ca®c to the actual length of straight 
pipe Thus a 0-inch pipe 500 feet long, with 1 globe-valve, 2 elbow s, 
and 3 tees, would be equivalent to a straight pipe 500-f 36 + (2X24) 
-f (3 X24) = G56 feet long 

Joints for High-pressure Mains. — All sockets or couplings 
shall be extra hea\> . of the best quality of metal, and have taper 
threads Preferably these joints bhould be light and free from 
leakage without the use of “dope,” but where some joint com- 
pou ■ ’ 


mat 

tanl < 

ammonia type, although c\'cn the% will be found to give more or 
Ic-s trouble, unlc-’s of .% first-class quality and carefully selccteil. 

iMnin-rcgulafors. — Where high-prctsure mains are controlled 
through automatic legulatnrs the «|Uipment should invari-ably 
be in duplicate, the regulators beii^; connected into the line in 
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parallel, and each equal to sustMiung the maximum load of the 
entire line The regulators should be connected in with proper 
valves and possess by-passes betneen their inlets and outlets, all 
of which connections to be flanged, to expedite ready removal 
and replacement. All of the above should be surrounded" by proper 
brick or concrete manholes to afford accessibility. 

Drips. — All traps, pockets, or depressions in almost every high- 
pressure hne should be dripp^ after the method of low-pressure 
practice. This may usually be done b3' cutting into the line a tee 
(looking do^^'n and whose opening is equal to the diameter of the 
pipe) into whose run a short section of pipe is connected, ^\hich is 
duly capped and fitted noth a small relief-pipe terminating at some 
convenient place and fitted with a pocket-head pet-cock, ^hich 
latter acts as a “ bleeder ’* Through an arrangement of this kind 
the condensation accumulating in the drip can be periodically 
“ blown off ” Tins condensation is usually created bj' the change 
of vapor tension due to the \aiying compression upon the vol- 
ume of gas in the main, extending from the maximum pressure 
during peak load hours to possibly atmosphere or merely holder 
pressure (if the service be a booster or feeder line), or at least con- 
siderablv re<luced during the period of minimum demand. 

Anchorage.— All bends and cuiwcs in liigh-pressurc mains 
should be firmly anchored in onlor to prevent gyration ; the straight 
runs should also be licavdj anchored, perhaps about t\\ice as often 
as the expansion joints (about one every 500 ft.). Expansion 
joints and lateral branches of all sorts should also be strongly 
anchored to prevent buckling and thrust. The tendency of a 
high-pressure main to “ vinthc ” much greater than is generally 
known, for, m addition to the initial pul.^ations caused b^' the 
comprci'^or, there is a reflex uhich creates a powerful ‘‘gas-hammer." 

Expansion Joints should be pkacod not lo^s frequently’ than 
one every 1000 feet 

Testing High-pressure Mains is done miicli after tlie fashion 
of low-prc.«sure work, Aiith the c.xccptlon that a portable air-com- 
pressor, say C II. r , direcl-ronncctcxl to a gasoline-, nlcoliol-, or 
vapor-engine, is generally usetl. An outfit of this kind will also be 
found cxtremclj comcnient for a number of purpo<5C.s; it can have 
in its equipment a centrifugal pump and hose conneclions, wliich 
will l>c found of great convenience in emptying ditches, cesspools, 
drips, etc , of wafer, with a s-aving of time and labor. 

Pneumatic Tools.- — The rompre*isor may also be fitted with a 
pneumatic luammcr into which cape and diamond-point chisels 
may be u.s<Hi for cutting pipe; and with calking-tools for ilriving 
up joints. These tools should fit the chuck loosely so as to move 
freely in the workman's hand. The calking done by the pneu- 
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matic hammer U far superior to that done by hand, being equal 
throughout, and especially driving home the lead at the bottom 
of the joint and underneath the pipe, which is usually slijhtcd 
in handwork. It has the further advantage of time and economy, 
and in permitting the ordinary laborer to do a better job of calking 



than that usually accomplished by a skilled and »'/»>/« , . 

man. . " ’ 

Pipe Deposits. — To remov'e stoppages in tin- ^ uj/jn 
meters, house-pipes, fixtures, and burners, and U; , ' 

thalene, tar, and other hard stoppages, tho wn*>/- , 
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convenient to vaporize wood-alcohol or benzine and inject it 
into the mams by means of a vaporizer (Fig. 36), a diagram of 
which is herewith given. 

A quantity, say 20 gallons, of alcohol is put into a tank and 
admitted through a sight-feed into a drum, where it is vaporized 
by a steam-coil. The inlet of this drum is duly scaled by a pipe- 
trap m order to prevent the return of the vapor or the exit of 
the gas into the alcohol-tank Tliis alcohol vapor, passing out 
through another trap, is admitted into the mains and carried for- 
ward by the gas, experiment showing it to have a travel of at 
least 3 miles It instantly dissolves all naphthalene and invari- 
ably attacks and makes soluble other similar substances. Ten or 
15 gallons per 1.000,000 cu ft thus admitted into the mains for a 
day or so, say twice a year, will be of incalculable value in cleansing 
the system, especially where Wclsbach service is extensively used. 

Leaks. — Tlie question of leakace, or a large portion of what 
is known as “gas unaccounted for,” should be a matter of con- 
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stant attention upon the part of the superintendent. Of course 
a Large portion of this soeining di'^crcpancy Is by reason of change 
of temperature, cither during the process of works ili^tribution or 
after storage, gas var.iing of its bulk approximately for e\crj’ 
dt^Tte VahTcwtieit over Z‘2^’ alwive lewv. There U, Unv.cveT. in 
all s\.«fein-> a certain amount of Icakavc duo to barl Joints, which 
occur citl cr from poor construction, change in tcmjxrattire, or 
in.«tability on the part of the ground or foundation where Laid. 

Tlic entire s}“tcm of cierj" gas company should be pcrioclically 
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''barred." An iron bar (Hg. 37) with a ioosc handle for removing, 
large at one end to form an annl for the sledge and tapenng at 
th 2 other, should be driven down at the bell end of a pipe, such 
joint being first definitely located Great care should be taken 
that the bar should not be driven with sufficient force to injure 
the pipe, and to this end it is better to use a bar with a malleable 
point than a steel bar, which is apt to cut The bar then being 
removed from contact with the bell, leaking gas should be sought 
in the hole thus made, first by the sense of smell and afterwards 
by the application of a match. 

Test for Leakage. — Under conditions where, by reason of a 
comparative!}’ odorless gas or for other reasons, it is impracticable to 
discover leakage by the sense of smell, test rna}' be made by applying 
at suspectcil points a paper saturateil with a solution of palladous 
chloride from which metallic palladium is precipitated m the pres- 
ence of traces of carbon monoxide, the reaction being as follow's: 

PdClj+ CO-nrjO= Pd +2HC1 + CO 2 

The blackening of the paper indicates the prc'^ncc of CO gas 

Records, — A measurement should then be taken in the direc- 
tion of the run of the pipe (equal to one length of the pipe) and 
the next joint located, when the experiment can be repeated. 
All leaks discovered should he marked, reported, dug up, and re- 
calked Where the calking lead drives up too far, a new lead 
joint should be run and its tightness ascertained by the applica- 
tion of heavy soap-suds 

This sort of work, together ’ " ’ ’ 

facilitated by the use of accur 
the location of all pipes, drip 

the direction of flow’, the juncture of feed-hne and crosses, etc. 
In Older to bring this informatjon to tUo office, where a proper 
record can be made and filed, the wTiter suggests the use of h 
card (Fig 38), which should be supplied to the foreman of mam 
construction, who can fill m thereon, with a rule and pencil, the 
location of pipe, distance from property line, class of fittings, 
location of valves, drips, crosses, etc, and the direction of fall 
From th&sc cards a map can be ma<lc, showing an entire district, 
which will be found valuable in the regulation of pressure and 
the addition of extensions, after which the card should be filed 
for future use 

Service Connections, — It is doubtful whether under any 
conditions it is good economy to u«e galvanized pipe for ser- 
vices, inasmuch as nearly all agencies which tend to destroy black 
iron will also attack the zinc coating of galvanized pipe. Medium- 
weiglit steel pipe w ill be found far better. 
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It is pood practice in connecting n scrMcc with the main to 
tap the latter on top and screw therein a street T. The street L 
is tlien screwed into the street T at its side outlet, thereby fonn- 
inp a swing joint The chief ad\antagc of this connection is tliat 
pas can be cut o(T bj’ the opening in the T from the service \\ hlle 
it is being laid, which opening can be also used for examining the 
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scr%'icc in ease of trouble. It also relieves both pipes from cither 
horizontal or vertical strain in settling or cradling (Fig. .IP). 

There arc two methods of cutting cft«t-iron pipe, both of wliich 
can be rccomrncndctl. Tlie more convenient, especially for i-izcs 
under 12 in , w the Hall cutter, which can bo used after tlie man- 
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ner of ^rrought-iron pipe-cuftcrs, othenricc the pipe should be 
cut around A\ith a diamond-no^l chisel until a ring at least A in 
deep has been forme<l, when the pipe may be severed with the 
aid of a dc^-chisel. 

In pipes over bridges, contraction and expansion, together 
with ^^b^ation, must be allowed for. Wrought-iron pipe la gen- 




Fio 39 — Plug for T Connection to Irc%e..t Clas escaping while tajiog 
geivjcc 1 1 , es. 


joints, 
luld be 
gas in 

ca«e of accident These pipes should be kept thoroughly coated, 
ina«much as the sulphur in en'^ine smoke, in the case of railway 
Lrid'e"!, is most deleterious in its action 

It IS the custom of a number of companies in the United States 
to La'o their extension of mains into unoccupied territorv upon 
one prospectUe con^iimcr to every 100 feet o! main. The nd- 
vanta'-e of this system feems to be demonstrated by the best 
ptacticc. 

All valves in a mam system should systematically and coa- 



160 


AMERICAN GAS-ENGINEERING PRACTICE. 


sistently be either all right-handed or all left-handed, that is, 
closing in the direction of the hands of a clock or the reverse. 
This, more than anything else, prevents confusion and the pos- 
sibility of having a valve in the system closed without the likeli- 
hood of discovery*. 

One of the great nuisances m gas distribution is the formation 
of iron carbonyl It may possibly be the result of unoxidized 
purifying material, but is more likely the result of gas coming 
in contact with new iron borings, such as the tapping of a large 
number of services into a new section of main is apt to produce. 
It appears generally at the burner tip and may be remedied^ by 
the admission of water into either main, services, or purifying- 
boxes to complete the oxidation. 

The general advantages of cast-iron over wrought-iron pipe 
for gas purposes are: first, its greater ability to resist the cor- 
rosion of the soil, secondly, its greater thickness between internal 
and external diameters, permitting better service connection and 
abolishing the necessity of additional fittings for such connec- 
tions, thereby reducing the liability to leakage. 

Repairing Breaks. — In case of broken mains a temporary’ 
repair can be made by bandaging with cloth between tho folds 
of which are wrapped copious layers of soap, pipe-clay, or, better 
still, Tucker's cement, portions of which filling having been pre- 
viously forced into the crack or cre\nce of the pipe before the 
application of the bandage. The permanent remedy depends 
upon the nature of the injury’. Should the break run .nround 
the circumference and the entire damage be included within a 
lateral space of 4 or 5 in , a split sleeve may be used. Should, 
however, the break run lengthwise the pipe, the better practice 
is to cut out the injured section, replacing it with new’ pipe, the 
final joint being made with a solid sleeve which is slipped over 
the joint. 

^Vhen a split sleeve is used, the pipe must be first thoroughly 
cleaned of ’ ” ' * * • • - 

back into 
muslin, wi 

8 in. on either side, and long enough to circle the pipe twice or 
more, should be smeared thickly with putty or Tucker’s cement, 
or a mixture of equal parts of white and r^ lead and hnseed-oil, 
and w’rapped tightly around the pipe above the break 

A Spilt sleeve can then be appli«l so as to cover the break, 
with a margin of at least 4 in on cither side. The joint between 
the sleeve and the pipe may' be made as follows: A number of 
pieces of millboard soaked to a pulp in hot water may be forced 
between the sleeve and the pipe and tightly corked. ^Vhen this 
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is clrj- a lead or cement joint of the n^ular t^Tie, the former pre- 
ferred, may be made on either end of the sleeve. 

WTicn It IS necessary to remove altogether a damaged section 
of pipe, the pipe should be cut at a distance not less than 8 in. 



Fig 40 — ^lethod of " Cutting ” in a Fitting (Correct), Using n Solid Sleeve. 



Fio 41 — Method of ‘^Springing” m a Fitting (to be Avoided) ivitbout Use of 
Sleeve. 

prior to appearance of the break or crack, this cut may be made 
either by the use of regular pipe-cutters, or by cutting around 
with a diamond-nosed chisel and severing with a dog-chisel 
When the new section is installed, aligned, and graded before 
sliding the sleeve, which m tlus case should be solid, into place, 
the spigot ends, which mu«t just meet, should be brought to- 
gether and wrapped with unbleaclied muslin, prepared as before 
described, with the u«e of the split sleeve The solid sleeve may 
then be slid over the bandage and the joint made as before de- 
scribed in the regular manner 

Flour or meal in small sacks has on several occasions been 
used to choke dangerous fires occurring through leakage in man- 
holes 

Main-stoppers. — In basging off a mam that is likely to be 
internally coated with naphthalene or rust, the rubber bag shoulcl 
be inserted m a canvas cover in order to protect the rubber sur- 
face from the action of the oilj* deposit. This may be placed 
by use of a bag fork, which is a simple wire contrivance, with 
blunt end Wliere the mam under considerable jiressure, it 
should be doubly bagged, tw o separate taps and bags being placed 
on each gas-hcad. and as an additional precaution, where the 

pressure is especially hi-b, ' — ” ■* — ' *•- 

sisting of a contrivance of 
the b.ag in a separate tap 
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sistently be either all right-handed or all left-handed, that is, 
closing in the direction of the hands of a clock or the reverse. 
This, more than anything else, prevents confusion and the pos- 
sibility of having a valve in the system closed without the likeli- 
hood of discoverj*. 

One of the formation 

of iron carbor of unoxidized 

purifying matt of gas coming 

m contact with new iron borings, such as the tapping of a large 
number of services into a new section of main is apt to produce. 
It appears generally at the burner tip and may be rem^Ied by 
the admission of water into cither main, services, or purifying- 
boxes to complete the oxidation. 

The general advantages of cast-iron over wrought-iron pipe 
for gas purposes are: first, its greater ability to resist the cor- 
rosion of the soil; secondly, its greater thickness between internal 
and external diameters, permitting better service connection and 
abolishing the necessity of additional fittings for such connec- 
tions, thereby reducing the liability to leakage. 

Repairing Breaks. — In case of broken mains a temporary 
repair can bo made by bandaging with cloth between the folds 
of which are wrapped copious layers of soap, pipe-clay, or, better 
still, Tucker's cement, portions of which filling having been pre- 
viously forced into the crack or crevice of the pipe before the 
application of the bandi^e The permanent remedy depends 
upon the nature of the injurj* Should the break run around 
the circumference and the entire damage be included within a 
lateral space of 4 or 5 in., a split sleeve may be used. Should, 
however, the break run lengthwise the pipe, the better practice 
is to cut out the injured section, replacing it with new pipe, the 
final joint being made with a solid sleeve which is slipped over 
the joint. 

^Vhe^ a split sleeve is used, the pipe must be first thoroughly 
cleaned of all dirt and rust, and if it is settled it should be blocked 
back into proper grade and ahgnraent. A strip of unbleached 
musim, wide enough to cover the break, with a margin of 6 or 
8 in. on either side, and long enough to circle the pipe twice or 
more, should be smeared thickly \rith putty or Tucker’s cement, 
or a mixture of equal parts of white and red lead and Imseed-oil, 
and wrapped tightly around the pipe above the break. 

A s,pUt sleeve can then, be applve<il so as to cover the break, 
with a margin of at least 4 in. on either side The joint between 
the sleeve and the pipe maj’ be made as follows: A number of 
pieces of millboard soaked to a pulp in hot wafer may be forced 
between the sleeve and the pipe and tightly corked. ^Vhen this 
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is dr}- a lead or cement joint of the regtilar tj-pe, the former pre- 
fcrreil, inay be made on either end of the sleeve. 

Wien it IS necessary to remove altogether a damaged section 
of pipe, the pipe should be cut at a distance not le.ss than 8 in. 



Fio 40 —-Method of " Cutting” in a ruting (Correct), Using a Solid Sleeve. 



Fio 41 — Method of *' Springing” in a Fitting (to be Avoided) without Use of 
Sleet <* 

prior to appearance of the break or crack, this cut may be made 
either by the use of regular pipo-cutters, or by cutting around 
with a diamond-nosed chi«el and severing with a dog-chi?el. 
When the new section is installed, aligned, and graded before 
sliding the sleeve, which in this ca-^ should be solid, into place, 
the spigot ends, which must just meet, should be brought to- 
gether and wrapped with unbleached muslin, prepared as before 
desenbed, with the use of the split sleeve The solid sleeve may 
then be slid over the band.sge and the joint made ns before de- 
scribed m the regular manner 

Flour or meal in small sacks has on several occasions been 
used to choke dangerous fires occurring through leakage m man- 
holes 

Main-stoppers. — In baeging off a main that is likely to be 
internally coated w'lth naphthalene or rust, the rubber bag should 
be inserted in a canvas cover m order to protect the rubber sur- 
face from the action of the oily deposit Tiiis may be placed 
by use of a bag fork, which is n simple wire contrivance, with 
blunt end Where the mam is under considerable pressure, it 
should be doubly bagged, two separate taps and bi^s being placed 
on each gas-head, and as an additional precaution, where the 
pressure is especiall}- hi'-h, a patent gas diapiiragm stopper, con- 
sisting of a contrivance of canvas and wires, maybe placed before 
the bag HI a separate tap It is well to use bags one size larger 
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than the diameter of the tap to be plugged. These bags should 
always be inflated by the use of a small hand bicycle pump, and 
never by the lungs, a.s the breath condensation is deleterious to 
the rubber, to say notlung of the effect upon the workmen of 
the gas inhaled 

Gas bags after use may be preserved by being inflated with 
dry air, the necks being corked, in-stead of tied, «ith wooden pins 
or plugs The bags should then be coated with tallow and stored 
in a damp place 

Successful efforts have been made to bag off a main with 
water, extra-strong bags being used 

Repair Work.— Pressure may be shut off and the end of a 
mam plugged temporarily by the use of a large compact ball of 
cloth or cord, fitting the pipe, to which proper straps have been 
firmly attached to facilitate re.ady removal. 

COSTS OF INSTALLING >UINS. 

Excavation Costs. — The following table, for w'hich the writer 
is indebted to .M E Malone, will be of value in estimating labor 
operations, and constitutes a very fair average of work m hand- 
ling different kinds of material that the average laborer can handle 
in a specified time, in cii. ft per man per hour. 

MATERIAL HANDLED PER M.VN. 

Cu. Ft. 

per ilan-hour. 


Asphalt (3 5-in. and C-in. concrete) 4 29S 

Sand and clay. 24.700 

Clay 19.220 

Sand and broken stone. 22. 000 

Loam . 35.000 

Broken shale. 17.330 

Cost of Loading and Hauling Cast-iron Pipe. — Much of the 
following <lata is from Gillette's Handbook of Cost Data Thfce 


men as.sisted by a driver averaged 5 lengths of 12-in. pipe loaded 
from a flat car to a wagon and the pipe was rolled down the plank 
runway This same gang srould unload a wagon in G minutes. 
As each lengtii of pipe weighed nearly J short ton, the wagon 
load w.as 2.5 tons. It thertdore cost 5 cents per ton to load and 
2.5 cents per ton to unload the wagons, wngc.s of men being 15 centa 
per hour; but this docs not include the lost time of two horses 
during loading and unloading, which Is equivalent to about 2 cents 
per ton. The total fi.xcil cost of loading and unloading was 10 cents 
per ton, including team time The hauling costs 12 cents per 
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ton per mile \\ here 2 5 tons are the load (wages of team and 
driver 35 cents per hour) and the team returns empty. Good 
hard le\el roads are required lor so large a load If the haul 
is short and this loading gang of 3 men walks along with the 
wagon, the cost of hauling becomes 25 cents per ton-mile in- 
stead of 10 cents 

Pipe should ne\cr be shipped in hopper-bottom cars, for the 
difficulty of unloading add*- ^e^J' much to the cost. I have had 
a gang of G men \\hi> unloaded only 75 lengths of l2-in pipe in 
10 hours from a hopper gondola into wagons Each length 
weighed ^00 Ih-j , m.iking ton^ the day’s work at 30 cents per 
ton. This work was by h.ind, no derrick being a\ailable. 

Trenches for water-pipes in the northern United States 
are usually 5 ft deep from the ‘surface of the street to the axis 
of the pipe In the South trenches arc only 3 ft deep Water- 
pipe trenches are U'liallv dug no less than 18 to 24 ms wider 
than the inside diameter of the pipe, and just before the pipes 
are laid a gang of men enlarge and deepen the trench for a short 
space where each pipe joint is to come, this is called digging 
tne “bell-holes” The bell-holc.'- enable the yarners and calkers 
to make the jomtn propcrli It 13 usually not necessary to 
brace the sides of a trench that i> only 5 or C ft deep. 

Cost of Trenching. — At Coming, K Y , a trench for a lO-in, 
water-pipe was excavated 2 5 ft wide X 5 ft deep X 1500 ft. 
lot^, which equals 000 cu vds , in 4 5 days by 24 men, or at the 
rate of 6 cu >ds per man per 10-hour day. equivalent to 11 cents 
per running foot or 25 cents per cu yd The backfilling was 
done in three days by 2 men and I horse with driver, using a 
drag scraper and a '•liort length of rope, so that the horise worked 
on one side of the trench while the two men handled the scraper 
on the oppoMte •■idc. pulling the scraper directly across the pile 
of earth In this way the backfilling was made at a cost of 1.1 
cents per line.ir foot or 2 5 rents per cu >d , there being no ram- 
ming of the backfill required This is a remarkably low cost 
for backfilling an<i one not ordinarily to be counted upon. The 
m.itena! was a lo.unv sand and gra\el 

At Rochester, N Y — itb the size of trench and kind of mate- 
rial practically tlic same re~ults were olitamcd a.s above: 

One man excavated S cu vdx. a du^ at a cost of 19 cents per 
cu yd , 1 man backfilled 16 cu yds. a day at a cost of 9 cents 
per cu yd Total cost of cxcaxation and backfill, 2S cents per 
cu yd 

Cost of Trencluin;, (Jirat Falls. Mont — The Great Falls 
(Montana) Wafer Co c\cav.ated 25.500 cu yds of earth, 1900 cu. 
yds. of loose rock, and 15(K> cu yds of solid rock in trenching 
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for a 6-in. water-pipe. The work was done by company labor 
(not by contract), wa^es being $2.25 for laborers, and the cost 
was 34 cents per cu. yd. for excavation and 3 5 cents more per 
cu. yd for backfilling and tamping. If wages had been $1.50 a 
day the cost would have been 23 cents per cu. yd. for excava- 
tion and 2 5 cents per cu. yd. for backhlling. 

Cost of Trenching, Astoria, Or^on. — A. L. Adams states 
that m trenching for the Astoria (Or^on) Water-works in 1890 
the first contractor averaged only 7 to 8 cu. yds. per man 
per day. Later on another contractor, even in the rainy sea- 
son, averaged nearly 10 cu. yds. per man per lO-hour day of 
trenching (including backfilling) at a cost (including foreman) 
of 17 5 cents per cu yd , wages being SI 70 a day. The mate- 
rial was yellow clay dug with mattocks and shovels. 

Cost of Trenching. Hilbum, N Y — W. C Foster gives the 
following data on 17,000 ft. of trenching for water-pipe at Hil- 

burn, N Y The trench was 4 ft deep for 4-in. to 8-in. pipe. 

The digging was hard, the banks being full of cobbles and fre- 
(\uently caved in The streets were not paved. The cost of trench- 
ing and backfilling was 10 1 cents per lin. ft., wages being $1.35 
for laborers and S3 for foreman 

Cost of Trenching and Pipe-laying, Providence, R. I — In 
Engxneenng News, June 28, 1890, E. B. Weston, Engineer Water 
Department, Providence, R I , gives very full records of pipe- 
laying costs. The tables on page 171 are given by him and are 

based upon many miles of trench-work. 

Wages in all cases above were $1 50 a day for laborers trench- 
ing and laying, S3 a d.ay for foreman, S2 25 for calkers, and S2.25 
for teams, winch probably refers to teams without driver. Carting 
was in all c.ases SI a ton. Allowance for tools (item 4) was made 
on a basis of 7 25% of ileins 1 and 2. 

Short lengths, 15 to 50 ft, of C-in. pipe cost 34 cents per foot 
in easy digging to 45 cents in hard digging for excavation, laying, 
and backfilling, wages being as above stated 

The trench for a 24-in. pipe 19,410 ft. long and G G ft. deep 
cost 32 cents per cu. yd. for excavation and backfill with wages 
at $1.50 a da}'. 

A 4S-!n. main was laid for S1.65 per ft., including digging, laying, 
calking, and backfilling. 

A 16-in. pipe 374 ft. long passed under tw’o railway tracks, 
and the cost of trenching, laying, and backfilling was 50 cents 
per ft. ^ ■ 

An S-in pipe was laid across a bridge, and the cost of boxing, 
laying pipe, etc., was Sl.32 per ft., while for a 12-in. jiipc the 
cost was 81.50 per ft. 
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for a 6-in. water-pipe. The work was done by company labor 
(not by contract), wages being S2.25 for laborers, and the cost 
was 34 cents per cu. yd. for excavation and 3 5 cents more per 
cu. yd for backfilling and tamping. If wages had been $1.50 a 
day the cost would have been 23 cents per cu. yd. for excava- 
tion and 2 5 cents per cu. yd. for backfilling. 

Cost oi Trenching, Astoria, Oregon. — A. L. Adams states 
that in trenching for the Astoria (Or^on) Water-works in 189G 
the first contractor averaged only 7 to 8 cu. yds. per man 
per day Later on another contractor, even in the rainy sea- 
son, averaged nearly 10 cu. yds. per man per 10-hour day of 
trenchmg (including backfilling) at a cost (including foreman) 
of 17 5 cents per cu yd , wages being Sl.70 a day. The mate- 
rial was yellow clay dug with mattocks and shovels. 

Cost of Trenching, Hilburn, N. Y — W. C. Foster gives the 
follon-mg data on 17,000 ft. of trenching for water-pipe at Hil- 
burn, N. Y The trench was 4 ft deep for 4-m. to 8-in. pipe. 
The digging was hard, the banks being full of cobbles and fre- 
c^ucntly caved in The streets were not paved. The cost of trench- 
ing and backfillinc was 10.1 cents per lln ft., wages being $1.35 
for laborers and $3 for foreman 

Cost of Trcnclung and Pipe-laying, Providence, R. I. — In 
Engineering Neies. June 28, 1890, R B. Weston, Engineer Water 
Department, Providence, R. I , gives very full records of pipe- 
laying costs The tables on page 171 are given by him and are 
based upon many miles of trench-work. 

Wages in all cases above were Si 50 a day for laborers trench- 
ing and laying, $3 a day for foreman, $2.25 for calkers, and $2 25 
for teams, which probably refers to teams without driver. Carting 
was in all cases $1 a ton. Allowance for tools (item 4) was made 
on a basis of 7 23% of items 1 and 2 

Short lengths, 15 to 50 ft . of 0-in. pipe cost 34 cents per foot 
in easy digging to 45 cents in hard digging for excavation, laying, 
and backfilling, wages being as above stated. 

The trench for a 24-in. pipe 19,416 ft. long and G 0 ft. deep 
cost 32 cents per cu. yd. for excavation and backfill with wages 
at Si 50 a day 

A4S-in main was laid for $1 05 perft., including digging, laying, 
calking, and backfilling 

A IG-in pipe 374 ft, long passed under two railway tracks, 
and the cost of trenching, laying, and backfilling ^\as 50 cents 
per ft 

An 8-in. pipe was laid across a bridge, and the cost of boxing, 
laying pipe, etc., was SL.32 per ft., wlulc for a l2-in. pipe the 
cost was Sl.50 per ft. 
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Easy digging, sand 


Bije ot Pip«. In 

4 

6 

S 

10 

12 

I. 

20 


0422 

0318 

OGll 

0707 

079S 

1445 

2088 


0129 

01C2 

0191 

0219 

0249 

0370 

0497 

3 Foreman. 

0130 

0158 

0188 

0216 

0244 

0303 

0360 


0041 

0050 

0059 

00G9 

0078 

0134 

0191 

5. Calking . . . 

0106 

0107 

OIOS 

Oil! 

0118 

0159 

0301 

6 Lead, Sets lb 

0224 

0320 

0131 

0553 

06S3 

0950 

1203 


0070 

0090 

0115 

0136 

0160 

0203 

0210 

8 Carting -- 

0078 

0149 

0208 

0275 

0346 

0518 

0740 

9 Total... . 

1200 

1.551 

1911 

22S6 

2676 

4082 

5602 


MCDIUM DIGGING. GRAVEL. ETC 


Si<e ol pips. In 

4 

G 

d 

10 

12 

16 

20 

24 


0597 

Q607 

0790 

088.3 

0974 

1700 

2400 

3019 


.0189 

0220 

0249 

0279 

0307 

ouo 

0577 

0C39 

3 Foreman 

0180 

0206 

0231 

0205 

0291 

0350 

0373 

0390 


0056 

0005 

0075 

0US4 

0093 

0154 

0214 

0002 


0106 

0107 

0108 

Olll 

Oils 

0169 

0301 

0757 

6 Lead, 5 eta lb 

0224 

0320 

0431 

0533 

0083 

0950 

1203 

1000 


0070 

0090 

0115 

0130 

OICO 

0203 

0216 

0223 

8 Carting 

0078 

0149 

0208 

0275 

0346 

0518 

0746 

1317 

9. Total 

1500 

1854 

2210 

2580 

2975 

4474 

6030 

8630 


HARD DIGGING. HARO OR MOIST CLAY 


Site a( Pipe. In 

4 

6 

8 

10 

12 

IG 

20 

1. Trenching* 

0860 

0959 

1053 

1147 

1300 

2261 

.3264 


0271 

0303 

0333 

0362 

0411 

0530 

0669 

3 Foreman 

0200 

0286 

0314 

0313 

0372 

0428 


4. Tooh, etc 

0081 

0090 

0099 

0109 

0118 

0201 


5 Calking 

0106 

0107 

0103 

QllI 

0118 

0159 


6 Lead, 5 cts lb 

0224 

0320 

0131 

0553 

0683 

0950 


7 Teams . 

0070 

0090 

0115 

0136 

0160 

0203 


8 Carting 

0078 

0149 

02OS 

0275 

0340 

0513 

0746 

9 Total 

1950 

2304 

2GG1 

3036 

3508 

5250 

7134 


Trenches were ordinarily 2 ft wider than the pipe and 5 ft 
plus half the diameter of the pipe deep. Such trenches were 
dua, the pipe laid, and backfillmg made at the following rate cer 
laborer engaged: ^ 
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Diameter Pipe _ Feet Length 

Inches. Material. per Pay. 

6 Easy earth 21.0 

6 Medium earth 17.2 

6 Hard earth 10.3 

8 . . Easy earth 19.3 

12 . -Medium earth. 13.4 

20 Easy earth .. .... .. 9.0 

24 .. .. Medium earth. 4.4 


Earth excavation in trenches where digging is easy cost 20 
cents per cu. yd ; rock excavation averages $2 per cu. yd., nm- 
mng as hi h as S3 per cu yd , wages being $1 50 per day. 

»vhere long pipe-hnes are to be constructed a line of levels 
should first be run and, the drip of the pipe being taken into 
account, the entire length should be laid off by the engineer in 
convenient units of equal volume 

Although the quality of the soil, unforeseen obstacles, etc., will 
s-ary to some extent the unit rate of progress, this will serve 
as a basis for the checking of the progress of work from day to 
day besides establishing a basis for the computing of future oper- 
ations. 

Careful records should be made of the character of the soil, 
nature of obstacles, etc . encountered, which should be filed as a 
portion of the daily data and should be ultimately classified for 
future reference 

The labor itself should also be handled on the unit basis, the 
work being so haul out in units and decimals thereof that a check 
can be kept upon the individual output. 

Upon thesedata (where not hamiicred by Unionism) the labor 
may be classified under the respective headings A, B, C, and D, 
of which B may represent tlic normal or aA-crage and be paid 
the standard rate of wage, the normal being obtained either 
from empiric data or the immediate work done. A may con- 
stitute a class of labor whose output is in exce.s3 of the average 
or B class, to whom a bonus of from 10 tn 20 per cent should be 
paid, depending upon their manrinal efficiency. It must be re- 
membered, liowewr, that in addition to tbcir work per se these 
men constitute the "pace-makers'' of the force and should 
be paid accordingly. Class C will be formed of those falling 
immediately below* tiie avera'“e and should be constantly culled 
for dismissal while nil those crossing the dead -line between 
Class C and Class D, or, let us say, showing a deficiency of 15% 

‘ elow the a\erage of Class B, should be discharged from the 
\.ork at once. 
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Cost of Water-pipe Laid at Alliance, 0 — L. L. Tribus 
pives the follo\%ing costs of work done in 1S94, the material being 
loam and clay excavated to such a depth that 4 ft. of earth 
would be left on top of each class of pipe after backfilling. 


MATERIAL USED 


Sire oI pipe, ms 

Weight of pipe, lbs per ft 
Lbs specials per ft , 

Lbs lead per ft . . 

Ltis yarn per ft . 

'lotal length iti ft. 

4 

19 

0 4 

0 4 

0 03 
2S90 


8 

44 

1 1 

1 0 

0 03 
1860 

10 

62 

1 55 

1 25 

0 OS 
3320 

12 

79 

1 9 
1.5 
0,1 
2930 

COST PER LI\r.lR FOOT 

LAID 




4 

c 


10 

12 

Pipe 

to 23C0 

so 3780 

$0 5350 

$0 7470 

SO 0100 

bpeciab and val\e« 

Hauling 

0120 

0189 

02CS 

0374 


OO.'iC 

0078 

0011 

0145 

0100 


0020 

0330 

0500 

0630 



OOU 

0018 

0035 

0056 


Trenching 

1240 

1210 

1287 

1480 


Pipe-laying 

0370 

0340 

0313 

0542 

.0403 

Total . 

$0 43C0 

SO S051 

SO 7764 

$1 0607 

Si 3245 


This work was done by laborers and men employed by the 
water company and does not include cost of superintendence. 
The 4-ft. cover over the pipe was in some ca.<5es exceeded. The 
digging w as comparatively easy with little ground-water to bother, 
Mr Tnbua informs me that the wages paid were- Laborers §1.25- 
pipe-haulers, SI 50, and calkers, S2 25, per lO-hour day. ’ ’ 

Cost of Water-pipe Laid in a Southern City. — In En- 
gineering NewK, March 30, 1893, C D Barstow gives very com- 
plete tables of cost of shallow trenching and pipe-laying In a 
Southern city, where negro laborers were used. From the data 
given by him I have compiled the following table of cost. 

For the most part the trenches were 15 in wide at bottom and 
20 in at top, and 3 ft deep Some trenching was done using a 
team on a drag scraper, 20 in wid- ■*’ ” *’ ' 
at top After a ram, however, 
u’unff a fdoiv fiw 
of chain are fasteneil to the cn 

iiuire men ride the beam, in tins w-ay plowing may be done in a 
trench 4 ft. deep, one horse walkit^ on one side and one on the 
other side of the trench A blacksmith was kept busy shaipeniog 
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about 60 picks a day. There was a night-watchman. The pipe 
was distributed by contract at 34 cents per ton. 

TABLE OF COST OF THEKCHIKG and PIPEtAYIKO IN' TIIE SOUTH. 
tVages per 10 hour day for negro laborers. $1 25; for calkers. $1.75 . for 
white foreman. $3.00 , for teams, $3 25 , for horse ridden by boy, $1 60. 


Job 

A. 

D. 

C, 1 

D 

E 

F. 

Pipe, ms 

1 10' 


c i 

8 

10 

S* 

bencth. ft 

|u ,000 

C/)00 

6,215 1 

11,352 

2,639 

21,856 

lath trench, ft 

Depth trench, ft 







.3 5 

3 

3 i 

3 

3 1 

3 

Material 

Number laborers diecinc 

33 

30 

40 I 

31 

'45 1 

46* 

umber teams ploning 

1 



3i 

5 

2} 

Team time, cts per ft 

1 



OSO 

0 02 

O.CO 

Labor, diesins.cts perft 

c oc 

2 74 

5 19 

2 08 1 

2 12 

4.00 

Foreman, dieging, cts ft 
Labor, ripedavinff. tts tt , 

0 AO 

0 23 

0 31 

0 21 

0 12 

0.20 

3 04 1 


0 C3 

0 77 

0 94 

1 1 12 

Foreman, pipe-laying, cts 







ft.. 

(1 30 


0 17 

0 21 1 

0 18 

0.24 

Bell-hole digging, cts ft 
Bell-bole digging, fore- 

2 70 

1 

1 0 77 

0 OS 1 

0 03 

1 16 

man, eta per ft 

0 27 


1 0 16 

0 21 

0 IS 

0 18 

Calking, cts per ft 
Backfill and tamping, 

1 30 


1 0 52 

0 C4 

0 C3 

0 75 

Labor, cts per ft 

4 32’ 

1 on* 

1 01* 

1 2 09 

1 1 42' 

0 05* 

Foreman,* cts perft 

0 iO 

0 22 

0 22 

1 0 32 

0 18 

0 18 

Team,* cts perft 
itorsc ridden by boy, cts 



0 36 

1 

1 

0 41 

per ft 



0 07 


0 09 


Total coat, cts perft. 

18 64 

4 19 

9 45 

1 

8 01 

7 41 

9 79 


The lead and yarn consumed per foot of ptpe (length 12 ft ) was. 
1 3 lbs of lead and 0.04 lb of hemp for 12-in pipe; 

0.96 lb “ “ 0 04 lO-in. “ 

0 95 “ •• “ “ 0 0.3 *■ “ “ “ S-in. “ 

OGG “ “ “ “ 0 02 “ G-in. “ 
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Some 6000 ft of 2-in wixmcht-iron service pipe ^cre laid in 
2 ft. deep trenches at a trcnchinc cost of 1 9 cts., laying 0 24 cts., 
backfilling 0.71 cts , without tamping. 


RemoMng bnck and concrete 
Excavating trench 
Backfilling and tamping well 
Labor relaying concrete 
“ “ bricks 

Professional bnck-navers 
“ bnck-nelpers 
Hauling away S3 loads surplus idiih 
15 cu jds sand cushion . 

1700 new bneks . 

18 hbls. cement to relay concrete. 

Total 


Foreman 

Laborers 

Foreman 

Laborers 

Foreman 

Laborers 


Mtn. 




2 Cl 
6.30 
4 09 
2 61 
4 so 


i.2;5 
4 02 
6 92 
6.20 


38.68 


Cost of Taking Up an Old Plpc-Iinc.— E. E. Fitzpatrick fur- 
nishes the following data relative to taking up more than 3 miles 
of pipe-lme in GrccnOurg, Kansas. There were 10,200 ft. of 
4-in. pipe, 4310 ft of 6-in , 2050 ft of S-m . and S90 ft of 10-in. 
After digging the trenches the 8-m. and 10-in. pipes were raised 
a little and fires built under the joints until the pipe expanded; 
then the pipes were unjointed by working them up and down with 
a three-leg derrick. The 4-m. and 6-in pipes were raised bodily 
in long sections onto the bank, heate<l a little, and unjointed by 
means of jack-screws and clamps The time required to do all 
the trenching, backfilling, and unjointing was equivalent to the 
work of one man for 425 days; and, a-^isuming wages at S1.50 a 
day, the cost was only 3J cts per foot of pipe 

Cost of Subaqueous Pipe-laying. — A line of 12-in water-pipe 
was laid in a trench dredged across a nver 500 ft. wide, as follows: 
The water in the river averaged 4 ft deep, and the trench w as dug 
6 ft deep, making a depth <rf 10 ft from water surface to bottom 
of the trench. To lower the pipe into the trench A-framc bents 
were built of 4X6-in. timber, the legs of the bents straddling the 
trench, and each pipe was supported by an iron rod passing throuch 
a hole bored in the horizontal member of the A frame. These 
rods were about 12 ft. long, | in. diameter, and threaded their 
full length. Each rod was provideil with a hook at its lower end 
to hook into an iron ring around the pipe The pipe w as ordinary 
cast-iron pipe, and was leaded and calked while suspended from 
the A frames. Then it w’as the intention to lower the 500 ft. of 
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pipe all at one time by putting a man with a monkey-UTench at 
each rod, to give the nut on the rod a turn at a given signal from 
a whistle. There were dS bents, 12 ft. apart, and it was decided 
that a force of 10 men could lower the pipe satisfactorily by giving 
a few turns of the nuts on 10 rods, then moving to the ne.\t 10 
rods, and so on. Through carelessness or mischief, some of the 
men gave more turns to the nuts than the signals called for. This 
threw the weight of several pipes upon one or more rods, and broke 
one of them a ' ' * * * 

all the other r 
into the river ; 

in two anjavhcrc, and only one joint showed any leakage when 
inspected immediately after the accident. This joint was calked 
by a man who dived down repeatedly, and struck a few blows 
each time. However, the diver was sent to examine every joint, 
and inspection showed the pipe-line to be intact from end to end. 
The cost of building the A frames, placing and calking the pipe- 
line, was as follows: 


10 men, 3 days, at S1.75 $52.60 

1 foreman, 3 days, at S3 00. . . . ... 9.00 

10 men, 1 ' . ' 17.60 

1 foremai . 3.00 

1 diver, 1 25.00 

Traveling . 15.00 


Total for 510 ft. of pipe $122.00 


The above does not include the cost of the iron rods, nor the 
timber used in the bents, nor the building of a small raft from 
which to erect the A-frame bents. 

From this e.xpenoncc I believe it would bo safe to dispense 
with the threaded iron rods for lowering such a line of pipe. The 
pipe could be held just above the water surface by small manila 
ropes until calked. Then upon cutting one or two of the ropes 
the rest would break and allow the pipe to settle into the water. 
As the pipc-lme is quite buoyant when filled with air it settles 
dowm gently upon the bottom of the trench. In c.asc a break 


pipe is lowered as above doscrilied, one flexible pipe-joint is usually 
provided at each cn<l of the pipe-line. 

Cost of Laying Pipe Across the Susquehanna. — James P. 
Herdic gives the following data relating to laying IG-in. iron pipe 
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across the Susquehanna Rj\cr at Montoursville, Pa , a distance of 
600 ft., the average depth of water being 13 ft A J-in. manila 
rope was first stretched across the river, to act as a ferry-lme for 
the scows. The scovvs were loaded with pipe The crew of eight 
men and foreman were engr^ed 1 da 3 ’ in this preliminary work, 
and then laid the 600 ft of pipe-hne in the next 2^ days. One 
ball-and-socket joint was used to eveiy' six ordinary joints. The 
pipe-line was lowered between two scows by means of chain pul- 
leys suspended from a heavy sawhorse that spanned the gap 
between the two boats The pipe was laid m a gentle curve, 
bowed up-stream, so as to form an arch to resist the stronger cur- 
rents. 

In an instance on the Susquehanoa River, also described in 
Gillette’s excellent Handbook, where the current w’as sufficiently 
swift to swamp a scow if handled by the above method, the scow 
was held m the current at on angle to its flow, nose up-stream, 
ropes being anchored from bow and stem to nearest shore in such 
a manner that the force of the current kept the ropes taut The 
pipe lay across the middle of the scow, which w as moved out from 
under the line as fast as each joint was made up Bix common 
joints to each ball and socket were used 

Cost of Laying 6-in. Pipe Under Water.— Still another Gil- 
lette record is as follows* About 5100 ft of 0-in. pipe were laid 
from the New Jersey shore to Ellis Island, the depth of water 
being from 10 to 17 ft A trench was dug 5 ft deep by 10 ft. 
wide in the mud, using a clam-shell bucket. Heavy pipe, weigh- 
ing 800 lbs per length, with Ward flexible joints was used. Two 
scows 20 X 80 ft each were fastened together at a distance of 6 ft , 
and were provided with two skids of 10X10 timbers 55 ft. long, 
leading down between the scows to the bottom of the trench. 
The skids could be lowered in rough weather. Two lengths of 
pipe were placed by a derrick upon the skids at one time, these 
being made up, and the scows were warped ahead 24 ft. Tliis 
work, W’lth a force of ten laborers, two calkers, and one diver, 
required just one month 

Cost of Laying Pipe Across llic Willamette River. — ^The 
Engineering Record of Sept 19 and 20, 1897, records the laj-ing 
of a 32-in pipe across the Willamette River, Oregon: Two scows 
and an inclined cradle were used The force was sixteen men and 
one diver. They laid SO ft. of pipe per day m a trench 23 R. 
below the surface of the water 

Designating Crosses.— In ordering reducing tecs, it ijccomes 
necessary to name the run and outlet. Fig I illustrates diagram- 
matically the run and outlet and shows the tee reduring on the 
outlet. Such a tee is read 2X1J ins. The run is read first. In 
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ordenng tecs that reduce on thenin T\esa 3 ’ 2X1JX1J ins., assho^v-n 
in Fig. II. Wlionever both ends of the run are of the .same size, 
but having the outlet larger, s.uch a tee is called bulNhead and is 
read 1JX2 ins , as shown in Fig III It will be seen that when a 
tee reduces on the run, we will have three figures to specifj’ ; m liercas, 
if a tee reduces on the outlet, we have but two figures to indicate. 
Thus, in tees reducing on the run, we have ixSXi ins.; reducing 
an outlet, we have ixf ins. In like manner, in ordering crosses. 


. 2 " ar ! ii" IV - I 1 

Fia. 1. Fig II. Fig. III. 


11" li' 


the size of outlet ot mu must bo particularly stated. A ^•ery im- 
portant rule about crosses is as follows; The outlets of a cross are 
always of the same size, and indicated by the last figures. By 
referring to Fig IV, it mil be seen that the outlets are 2 ins , while 
the run is 3 ms ; hut, since tlie outlets of a cross are always of the 
same size, it follows that a reducing cross must reduce on the nin. 
A crews, liXUXl in thows the outlets arc 1 in., while the run is 
IJXlJ ins It bhould be remembered that crosses are read on the 
nin first uml when rwlucing on the nm three figures are (o lie 
mentioned ; w hen reducing on the oulcts tw o figures are to be indi- 
cated 

Lead-wool Joints. — ^Tho use of this material in the jointing 
of c.iat-iron jjipe will lie found under many conditions most con- 
\enicnt and satisfactory. The enormous strength of tlic joints 
• ’ ' ' ' ' * * ’ ... icons 

. -Vico. 

. . nuch 

as they may be made up under water, and more c^jiocially bccau.se 
pf tho tremendous ne'siWity rendered the pjpr-Jine iy their u-se; 
in this connection evperiments ha^•e shown a dcncction in a bell- 
and-epigot joint of 10° I2' without leakage under a pre«.«ure of 
2000 Urt , cHcclmg an excellent arrangemonl wlicre any pipe-line 
is subject to Mbratious, strains, or deflections. The joints arc 
practically unaffected by the bending or settling of the piiie-lme. 
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Lead wool is lead cut in fine fibers. These fibers arc put into 
the joint in the same vay as yam. The lead is being calked from 
the yam up, not only at the outside. The result is an absolutely 
tight, perfect joint that will never leak 

The lead being calked in cold, obviates the loss in fit due to 
the shrinkage of the castii^ in the contmction of cooling. The 
following general claims are made for it 

No melting of lead, no waste of material, calking may be done 
in wet grouniU or on rainy days, joints may he made up and calked 
under water. 


AMOUNT OF L1..\D WOOL NECESSARY FOB VARIOUS JOINTS. 

Sue of joint 3" 4" 6" 8" 10" 12" 16" 20" 24" 30" 30" 

Pounds of cast lead 

used . 5 C 9 13 17 20 30 40 65 00 103 

Pounds of lead wool 

used , . 6 10 12 14 20 28 40 65 65 


Owing to the fact that evciy ounce of lead that goes into the 
joint IS calked by using lead wool, whereas the cast lead joint can 
be calked to the depth of aliout half an inch only, we advise the 
putting in of lead w ool to the depth of 

inch on all joints up to C inches. 

4 “ “ “ “ “ “ 12 " 

li “ “ “ “ “ 30 “ 

Concerning the cost of lead w'ool, which is about 12 cents per 
pound m ton lots, which would incrcas>e the cost considerably if 
the same quantity of load wool were used It will be seen from the 
figures that this is not necessary' and that the amount of lead wool 
necessary is a good deal less than that of cast lead 

The strength of a lead-wool joint is immensely superior to any 


Directions for Using Lead TToof. 

No. 1 and 2 calking tools should be made with a dull triangular 
point instead of a square 

Have one log of the edge made slightly shorter than the other 
and use the shorter end .against the spigot. This will tirive the 
lead well up into the create. 

The trimming tools remain square. 

In calking joints with lead wool the mo'^t important point is to 
hammer in each layer of fibers as hard and tight as possible. 
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Unless the lead wool be calked solidly from the bottom up, it 
^vill not hold better than a cast joint. 

Tar oakum is preferable to dry oakum, because the lead wool 
will better adhere to it. 

The strands of lead wool are put in one at a time; each strand 
should be calked separately. 

The lead wool need not extend beyond the crease. This means 
a great saving of load. Up to the crease the joint is calked with 
yam. 

MAIN SPECIALS. 



LAnoc nun and spigot QUAUTcn rends 
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DELLS 


c„. Thirkneaa Diatkoce Dutsnre Di 
of Metal A U 

4X 4 40 8 8 

6X 4 43 8 8 

GX 4 40 a a 

8X 8 46 10 10 

8X 0 43 10 10 

8X 4 40 10 10 

10X10 49 13 13 

lOX 8 46 13 13 

lOX 6 43 13 12 

lOX 4 40 13 11 

13X13 64 14 14 

13X10 40 It It 

13X 8 46 14 13 

13X 6 43 14 13 

13X 4 40 14 13 

10X16 60 17 17 

10X 13 54 17 17 

fOxJO 49 17 16 

lOX 8 40 17 15 5 

lOX C 43 17 15 5 

30X20 G7 19 19 

30X10 GO 19 19 S 

30X13 51 19 17 3 

20X10 49 19 17 a 

SOX 8 40 19 10 a 
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CHAPTER XTV. 


SERVICES. 

Sizes. — Scnnces for an ordinary dn'ellinff within 40 ft. of a 
street-main should never be smaller than 1 in ; but it is better 
practice to run ser^accs not smaller than IJ-in. pipe. The very 
small increase m cost of service i3 vastly olTset by the savin;: in 
cfTiciency and attention required to maintain it in proper condition, 
for, aside from its actual capacity for transmitting pas, a small 
amount of water, naplitbalcne, or other deposit wliidi would 
hardly be noticed in a IJ-ln. pipe would seriously affect the flow 
of pa>. throvr'h a |-in. pipe For large buildings, an estimate of 
its consumption capacity sliould be made, and a calculation made 
{rrm that as to the size of pipe suitable, the calculation being 
made cither by consulting a table or working out the problem by 
the regular formula for the flow of pa«es. 

When 6C^^ ice-cocks arc used at the curb, they should be in- 
spected at lea«t once a j car, to see that they arc in pood w orking 
order and that the stop-boxes are clean, and the cocks cavily accessi- 
ble. All services should have these curb-boxes, and where such 
have been omitted tliey should be cut in, ns they arc of vital im- 
portance m ca.'c of fire and other dkcontinuanco of Rcivicc. 

Tapping. — Ixiaks in piping arc roost readily located by the 
introduction into the pipe of c^nec of peppermint, winterpreen, 
ether, or pennyroyal with an air-pump. This essence is di'^cm- 
inated by air pressure through the pipe system. The general 
locality of the leak being indiraUd by the escaping odor, which 
m.ay be more immediately localize*! by the use of he.avy so.ayvsuds 
put on with a camt l’‘^ha^r brush, the escaping air being imheated 
by numerous fine bul blcs. 

Gcner.nlly m mal ing the tap it should be m.ade in the upper 
side of the m.Tin, ii«ing a .street L or lirtter still a street T, with 
a plug for making tlic eonnectton.s, theeonncclions being thoroughly 
wliite- or re*l-lca<ic<l. 

It should bo borne in mimi not to tap too large a service directly 
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into too small a main. The largest senice permissible for tapping 
direct mto a main is as follows: 

In a 3-in. mam, a 1-in. service-tap. 

“ “ 4-in “ “ IJ-m. “ 

“ '• G-m " “ l}-in. “ 

In attaching a 1-in. service-tap to a 3-m. main it is well to tap 
the mam only | in , using an mcreaser or reducer In ca'se, how- 
ever, it is necessary to connect larger services with the main, two 
or more taps maj' be made (sta^tered) and connected mto a 
header, or a split-slceve may be used and the connection made 
into It It IS a rule vith many gas companies to make the tap 
for all instances one size less than the size of the serv’ice to be run. 
Where a split sleeve is used a hole corresponding with the size 
of the sen'ice is tapped concentrically with a smaller hole in the 
main over which it is clamped 

Small gas companies from reasons of economy, frequently omit 
semce- or curb>cock.s on services under 2 m The use of thw cock 
is, liowe\er, better practice 

Coating.— The question as to whether or not wrought-iron 
servico-ntpes should Le coated depends largely upon the character 
of soil through which they run It is certain, however, that in the 
neighborhood of icecream saloons, fish-markets, and localities 
where the pipe must be cxpo«ctl throu? h areaways, etc., galvanized 
iron sliould be used. The following is a recipe for pipe-coating 
used by one of the large western gas companies and which can be 
recommended by the writer. 

“ Bring a kettle of tar (20-gallon) to a low boiling-point and 
add 20 pounds of fresh-slaked lime, sifted over the top and worked 


gallons of the above mixture add 4 pounds of crude rubber dis- 
sohed in turpentine to the consistency of thick cream. Heat the 
mixture to about 100 deg Fahr. and immerse the serA ice-pipe, 
heated to about the same temperature ” 

A V-shaped trou"!! w ill be found convenient for dipping these 
pipes, although it is better to apply the mixture with a heavy 
brush, unless the ends of the pipe are capped, as the mixture 
should be excluded from the interior of the pipe. In makin" Joirts 
care should bo taken to see that the threads of the ser%’ice are 
free from coating. 
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SERVICES. 

Sizes. — Services for an ordinarj’ dnellinR within 40 ft. of a 
street-main should never be smaller than 1 in.; but it is better 
practice to run ser\iccs not smaller than l}-in. pipe. The very 
small increase m cost of service is vastly offset by the saving in 
efficiency and attention requircti to maintain it in proper condition, 
for, aside from its actual capacity for transmitting pas, a sm.all 
amount of water, naphthalene, or other deposit wliich would 
lianUj be noticed in a IJ-m. pipe would seriously affect the flow’ 
of pas throirh a J-m. pipe For lai^ie buildings, an estimate of 
its consumption capacity should be made, and a calculation made 
frtm that as to the size of pipe suitable, the calculation. being 
made either by consulting a table or working out the problem by 
the regular formula for the flow of pases. 

When service-cocks arc used at the curb, they should be in- 
spected at lea«t once a }caT, to see that they are in good working 
order and that tlic stop-boxes arc clean, and the cocks easily accessi- 
ble. All ser\-iccs should lia\-c these curb-boxes, and where such 
have been omitted they should bo cut in, ns they arc of N’itnl im- 
disconfinuance of scmce. 
arc most readily located by the 
. , scnce of peppermint, winterpreen, 

other, or pennyroyal with an air-pump. Tliis essence is di*^m- 
innted by air prc’ssure through tW pipe system. The general 
locality of the lc.ak being indirnlcd by the escaping odor, which 
m-sy be more immcdi.'itcly localized by the use of hc.xvy soap-suds 
put on with a camcl's-hair brush, the escaping air being indicated 
by numerous fine bul bios. 

Genrr.ally m ma! ing the tap it should be made in the upper 
side of the main, u«ing a street L or !>cttcr still a street T, with 
a plug for m.aking the connections, the connections being thoroughly 
white- or re<l-lca<ie(l. 

It sliould be borne in mind not to top too large a sciwicciHrcctly 
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into too small a main. The largest sen’ice permissible for tapping 
direct mto a mam is as follows: 

In a 3-in main, a 1-in. service-tap. 

“ “ 4-in. “ “ IJ-m. “ 

“ “ 6-m. " “ l}-m. " 

In attaching a 1-in sen-ice-tap to a 3-in main it is well to tap 
the mam only J in , using anincreascror reducer In case, how- 
ever, it IS neccssar)’ to connect larger services with the main, two 
or more taps may be made (sta{.f.ered) and connected into a 
header, or a split-sleeve may be used and the connection made 
into It. It IS a rule with many fas companies to make the tap 
for all instances one size less than the size of the service to be run. 
Where a split sleeve is used a bole corresponding with the size 
of the semce is tapped concentrically with a smaller hole in the 
main over which it is clamped 

Small gas companies from reasons of economy, frequently omit 
6er\nce- or curb-cocks on services under 2 m The use of this cock 
is, however, better practice. 

Coating.— The question as to whether or not wrought-iron 
servico-pipes should be coated depends laigely upon the character 
of soil through which they run It is certain, however, that in the 
neighborhood of ice-cream saloon'!, fish-markets, and localities 
where the pipe must be expo«ed throu: h areaways, etc., galvanized 
iron should be used. The following is a recipe for pipe-coating 
used by one of the large western gas companies and wnich can be 
recommended bj thewTiter 

“ Bring a kettle of tar (20-ganon) to a low boiling-point and 
add 20 pounds of fresh-staked lime, eifted over the top and worked 


gallons of the above mixture add 4 pounds of crude rubber dis- 
solved in turpentine to the consistency of tluck cream Heat the 
mixture to about ICO dci Fahr. and immerse the service-pipe, 
heated to about tlie same temperature” 

A V-shaped trou'-h will bo found convenient for dipping these 
pipes, although il is better to apply the mixture with a heavj’ 
bru-sh, unless the ends of the pipe are capped, as the mixture 
should be excluded from the interior of the pipe. In makin'* Joirts 
care should be taken to see that the threads of the service are 
free from coating. 
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Proper cards should be made out for all services and should be 
indexed and filed. These cords should form a perpetual record, 
b^inning at the installation of the service, showing location, di- 
mensions, cost, etc., to which should be added notes of all repairs, 
renewals, extensions, and further work. 

T . >• . -41 -nains, as is the case where 

i ■' ■ old ones, the usual prac- 

; , lint w ith such service, one 

> of the pipe, 
joints made 
t convenient 

being what are known as long-screws or running threads, of which 
the last named arc generally the best, although under some condi- 
tions flanged joints or “unions” may be used. Care should be 
taken where services drip or slope back toward the main that this 
dnp be not affected by the increased diameter of the main. 

Freezing.—In putting in gas-piping that will be exposed to 
extreme cold, such as the risers of street-lamps, mains crossing 
bridges, and semecs entering houses, obstructions in pipes from 
frost may bo prevented, either by enlarging the portion of the 
pipe in whicli the frost tends to accumulate to a sufficient extent 
to permit the passage of gas of an adequate amount, after the frost 
has accumulated on tlie interior bides of the pipe to a thickness 
sufficient to form a non-conductor of heat and thereby preventing 
further formation, or by covering the pi}>c with some non-conductor 
which prevent.s the reduction of the passing gas to a frost tempera- 
ture. The first arrangement is perhaps preferable, the enlarge- 
ment of pipes to about two sizes Inigcr generally being found 
sufiicicnt. It is nccessaiy sometimes when the sire of the pipe, as 
in (he case of 16- to 20-m. roams, would render this impracticable, 
to place haml-holcs, T'», or cleanouts in such locations as mn)’ bo 
convenient for remo>ing such stnppaie after its formation. 

Attention has been called to the removal of burrs, left by rollcr- 
cuttcra, from the interior of pipe. Thw is extremely important, 
and all wrought-iron pipe after lioing cut should invariably be 
renewed, as such burrs not only materially reduce the cap.acity of 
the pif>e, but fonn a trap nml licaring for the accumulation of all 
manner of stojipace A practical fitter who has given tlie matter 
careful study has pn»\c<I by actual me.asurenicnt that in smaller 
pipes, 2*in. to 2-ln., thesj buns will reduce the area all tlio way 
from 3.1 to 30 •! per cent., with an nwra-ie reduction in the r.ange 
of sizes of 15.25 fior cent. JIanv theoretically good steam and hot- 
water jobs fail of practical results from no other reason tlian tint 
the fitter neglected to remote the burrs from the fiijic. Not onl; 
d<« the collection of fcdiment alxmt the burrs choke up the |)i|ic, 
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but they arrest the flow of water, causing it to stagnate and cor- 
rode the pipe at the joints Gas-ser\ice pipes are small in diameter, 
and burrs left by cutting-wheels reduce the area from IG to 30 per 
cent. To maintain effccti\'e pressure it is almost imperative that 
these pipes be reamed 

Forcing»jacks. — ^Thc Barrett horizontal jack may be used to 
considerable ad%anta?e for forcing pipe through earth in place of 
digging a trench for short distances m sandy or clayey soils which 
are free from stone or other obstruction They may also be used 
m forcing pipe under sidewalks and for short distances where tun- 
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Fio. 42 —Scotch Yoke (or By«pas$>ng Obstructions when Laying Services, 


nehng is inconvenient. For a long run, however, this practice is 


experiments coiiducieu oy iiiniseit. m wmcii ne exjioseu a numtjer 
of plates of ■ 
the action ol 
of one year i 


Wrought iron 
Soft steel 

3 per rent tiickel sieel 
25 per cent nickel steel 


■ Lfmhy Common — 

s«s.«atcr Fr««h water Weaiber 
100 100 100 

114 103 

. 83 SO 67 

32 33 30 


I’rofesRor K. 11. Thurston, from his tests and obReiwation of 
the^e materiaU in practice, concludes on the whole that steel resUts 
corrosion better tlian iron. 
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Proper cards should be made out for all services and should be 
indexed and filed. These cards should form a perpetual record, 
beginning at the installation of the service, showing location, di- 
mensions, cost, etc., to which should be added notes of all repairs, 
renewals, extensions, and further w’ork. 

In connecting old services with new mains, as is the case where 
larger mains are run to take the place of old ones, the usual prac- 
tice is to make the final or connection joint with such service, one 
which can be made without turning either of the runs of the pipe, 
which are connected together. There are several such joints made 
and used with wrought-iron or steel pipe, the most convenient 
being what are known as long-screws or running threads, of nhich 
the last named are generally the best, although under some condi- 
tions flanged joints or “unions” may be used. Care should ho 
taken where services dnp or slope back toward the main that this 
dnp be not affected by the increased diameter of the main. 

Freezing. — In putting in gas-piping that will be exposed to 
extreme cold, such as the risers of street-lamps, mains crossing 
bridges, and services entering houses, obstructions in pipes from 
frost may be prevented, either by enlarging the portion of the 
pipe in which the frost tends to accumulate to a sufficient extent 
to permit the passage of gas of an adequate amount, after the frost 
has accumulated on the interior sides of the pipe to a thickness 
sufficient to form a non-conductor of heat and thereby preventing 
further formation, or by covering the pipe with some non-conductor 
which prevents the reduction of the passing gas to a frost tempera- 
ture. The first arrangement is perhaps preferable, the enlarge- 
ment of pipes to about two sizes laiger generally being found 
sufficient. It is necessary sometimes when the sire of the pipe, as 
in the case of 10- to 20-in. mams, would render this impracticable, 
to place hand-holes, T’s, or cleanouts in such locations as may be 
convenient for removing such stoppage after its formation. 

Attention has been called to the removal of burrs, left by roller- 
cutters, from the interior of pipe. This is extremely important, 
and all WTOught-iron pipe after being cut should invariably be 
renewed, as such burrs not only matenally reduce the capacity of 
the pipe, but form a trap and bearing for the accumulation of all 
manner of stoppage. A practical fitter who has given the matter 
careful study has proved by actual measurement that in smaller 
pipes, J-in. to 2-in., these burrs will reduce the area all the way 
from 3.1 to 30 4 per cent., with an averaae reduction in the range 
of sizes of 15.25 per cent. Many theoretically good steam anti hot- 
w'ater jobs fail of practical results from no other reason than (hat 
the fitter neglected to remove the burrs from the pipe. Not only 
docs the collection of sediment about the burrs choke up the pipe, 
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but they arrest the flow of water, cauang it to rjsrs - ^ 
rode the pipe at the joints. Gas-sei^dce pipes are raiu .. • 
and burrs left by cutting-wheels reduce the area frer 1 

cent. To maintain effectne pressure it h almost iart. , 
these pipes be reamed. 

Forcing-jacks. — The Barrett horizontal jach ci- ■ 
considerable advantage for forcing pipe throuoh earu . i 
digging a trench for short distances in sandy or cUv*- J s 
are free from stone or other obstruction. Tlieyma' i, ' ) 
in forcing pipe under sidewalks and for short - 1' 



nehng is inconvenient. For a long run, however, tlji- ... 
dangerous, there being an opportunity for the pijw ' 


of one year each The results are summed up follov h- 


Wroupht iron 
Soft Ptocl 

3 per cent nckcl steel 
25 per cent nickel steel 


Professor R. II. Thurston, from his tests nntl (/)/., r. 
these materials m practice, cfmcludes on the whole that i-'r 
corrosion better than iron 

Fittlngs.—Tlie gre.atly inrre.sse<l use of higli-prrw.vii.'’ 
terns throughout the country ha.s made necess.ary the u , , 
fittings, especially for service connections, with wrought- 


Fio. 44 —Method of Connecting Hi-I«-pressiue Sen ice with Msii 
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Pig. 45. — Iligb^iressure Cocks Connected in Service-clamps. 


material and composition adapted to this class of work, the keys 
having greater lap and tlie bodies being carefully ground and oil- 
pohshed. 

Fig. 45 shows a number of these connections, they being made 
preferably with a swtng-joint. A wooden plug is shown inserted in 
the hole in the mam through the fittings which prevents the escape 
of gas while the service is being completed, after which it can be 
removed and the fittin'^s permanently plugged 

Should It become neces^ury at any time to remove the service- 
clamp from the main, a wooden plug may be again inserted and 
the clamp removed w ithout further escape of gas. 

Fig. 43 indicates a number of fittings used in this connection, 



I'la 40 — Tj-pcsol BltiellcrOcntuo* Femcc-cl.uiip. 

evpeeiaWy inaTiwiacUwevi for aiwl Fig. A? iwdicates tUe 

Mueller High-pressure Oas-main Drilling-machine, ojierating Ion 
boring-bars, so that the hole in the main may bo drilled through 
either the clamps illustratwl In I-lgs. 46 and 47, or through any of 
the fittings of Fig. 43. 

Tilts is of especial advantage where exceedingly high pressure 
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is used, it beins good practice to use gas-service cocks in connec- 
tion ^\ith the clamps and tees, both to prevent the escape of gas 



and to enable at all times uninterrupted access in the construction 
or maintenance of the ser. ice. 

The writer belie\’es that the double clamp, illustrated in Fig. 



Fio 40 — Mueller liigb-prcssine Ta|>ping-fnachine. 

*" ■ .... - - jre.cock, illustrated 

lire of over 20 lbs , 

extra-heavy wrouaht-iron pijic or steel pipe, together iiith extra- 
heavy fittings, should be used This is not so much bj’ reason of 
Its safe Morking-pressure as by the saiing in leakage and rigiditi 
attained. 
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Fiq. so. — G eneral Sebemc lor Iligh-pressurc Service Connection. 


sr.al liy-pass the pai passes throtif;h a resuLtr gonsc-neck tneler connection 
into tfic meter and from Ihcnco into tUe roam riser of the house pipe. 




CHAPTETl XV. 


CONSUMERS’ AIETERS. 

Testing. — All meters, hen received from the factory, should be 
pro\-ed before bomg placed in service. The rating of consumers' 
meters, as to capacity, is three times its rated capacity of 6 cu. ft. 
of gas consumption per burner-hour, thus ue have in a threc-light 
meter about 3X3XG-'54 cu ft per hour In addition to the orig- 
mal test and such test as may be occasioned tlirough complaints 
and contested bilh, each meter should be tested whenever removed 
an<l brought to the shop and a record concerning sucli test be duly 
filed. Periodically these files should be gone over numerically and 
all meters which have not been tested within a period of 3 years 
should be brought to the shop and duly proved. It is good prac- 
tice to permit a meter to remain in the shops at least 12 hours 
before proving, in order that there may be an equalization of tem- 
perature. 

All meters showing a deviation by the prover-test of 2 per cent., 
either fast or slow, should be corrected or returned to the factory 
for repairs Test each meter witli gas to see that it registers with 
a verj’ small consumption (called “check-fest"), using a flame not 
larger than a dime, after w.hich turn off the flame, leaving gas- 
pressure on meter; this is for detecting any holes m the dia- 


The third test b the regular one on the prover M hen tests are 
made with the cover on the meter they should be for not less than 
two revolutions of the test-hand. When the cover is off a satis- 
factor}' test can be made with one revolution, this being made by 
both the “open” and “check” test. Meters showing a vanance 
within 4 per cent, can generally be regulated in the shop, but for 
more than that amount it b good pr^ice to return them to the 
factory. 
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In making the prover-test care should be taken that the water 
in the prover and the air in the room are at an identical tempera- 
ture. Make sure that the connections of the prover are perfectly 
tight, and then allow a cubic foot or more of mr to pass through the 
meter, stopping with the pointer on the test-dial exactly at a divi- 
sion mark, then carefully adjust the pointer on the holder to zero, 
turn on the air to the meter and make one more complete revolu- 
tion of pointer on dial, stopping precisely at the point started from. 
The error corresponding to the discrepancy between the meter and 
the prover can then be calculated. 

Capacities. — The following table is given by the gas educational 
trustees of the American Gashght Association as the average 
capacity of the number of gas-meters resulting from a scries of 
tests of several makes. 

CAPACITY OF CAS METERS 


8it« M«t«r 

Capacity id Cubic 
Feet per Hour with 
Loat «l Praeaura o( 

A u> 

Capacity in Cubic 
Feat per Hour witb 
Lo(» of Fressura of 

Aw 


40 

55 

5-light 

50 

75 

lO-ligbt 

SO 

120 

20-It^ht 

115 

160 

30-1 ight 

175 

270 

4S-lighc 

215 

315 

CO-light . 

330 

475 

lOO-hght 

335 

COO 

150-liaht 


1015 

300-liglit 


1635 


It is important that all consumers' meters not in use should be 
carefully corked so as to make them air-tight in order to prevent 
the drying of the diapliragms. These corl» should also remain in 
when the meters are shipped to the repair shops. E'^ery consumer's 
meter, when set, should be carefully supported in position by a 
bracket, and in no ca.«!e should it be allowed to hang on its own 
connections. 

Meters should be badgod immediately when purchased and 
their identity established by recording them in a metcr-rccord book 
OT card systewi v.rtVi iwitex. TWs » ^ the wtintrA iwiportaTOC. Iw 
the case of a condemned meter, or one otherwise dcstro^’cd, a proper 
note should be made, embracing all details upon this register. 

In shipping meters back to the repair shop an invoice should be 
inclosed giving description of each meter and the reading of the 
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index. The return'' made by the repair shop .^ihould be carefully 
preser\'cd Ever\ meter should thus he accounted for cither as 
sil (aa shoirn bi/ route book and consumer's ledger), in stock, sent 
away for repairs, destroyed, or condemned. With the meter- 
badges on hand this should account for the %\hole number of badges. 
As a general rule all meters not being used should be removed and 
put m stock. 

Meter Connections. — Meter connections sbonld be made of uni- 
form length so that they mil be interchangeable. They should not 
be too short, as they are then hard to bend without buckling. A 
good length for the smaller sires is 12 in. and for the larger sizes 
14 in., 16 in., and 18 m M’hen a meter is removed for an indefi- 
nite period the lead connections and cock should be removed and 
the sen’ice and nser capped or plugged. Sleter connections should 
be made as follon $• 


SIZE OF METER CONNECTIONS 


SiM M«t«r 

DiacD*(»r «( 

' Iron Pipe 

1 Inrb 

Diantur of 
Cuck 
lack 

Diamattr of 
Load Pipa 

Iseb 

3-light 

S-lifht 


■■ 

! 

lO-hght 



1 


Meters rated at 30 lights and o%'er should be provided with 
screw connections instead of lead. Only standard connections 



should be used and a set of h.ard-brass standard gages should be 
provided in cverj- meter-shop. All new meters and unions should 
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that there is considerable difference between the “open” test and 
the “check” test — the latter being the test of the meter under only 
a small portion of its capacity. The check test is invariably the 
most exactmg, putting a se\'erer requirement upon the meter and 
thereby developing more fully the presence of any internal leaks. 
‘ “ ....... jortunityfor 

•^ear or any 

^ , lanifested. 

In addition to the regular consumer’s meter a complaint meter 
is manufactured by the Maryland Meter Co. It will be found of 
considerable use in checking up complaint bills, locating hour of 
peak-load m certain buildings, and as a “tell-tale” (Fig. 53, 
page 212). 

In addition to this, every gas company should be equipped 
with one or more wet- or test-meters (Fig. 52), which will be found 
of service in all sorts of porUable testing, settlement of com- 
plaints, determination of leaks, etc. Its minute subdivision of 
scale makes it of great value m this line. 

Another reason for the difference m registration in the “open” 
and “check” test of consumer’s meter :s probably a difference In 
the distension of the diaphragm-skins during the tests, the disten- 
sion generally being greater during the open than the check test. 
This discrepancy should not var^' over 0 03 per cent, either way; 
it may usually be corrected by softening the solder n ith a hot iron 
and moving the tangent slightly on its axis, the difference in 
the axis of the tangent compensating for this irregularity in the 
skins, which difficulty becomes more marked, as they harden from 
age, oxidation, or condensation 

Since the days of Glover, there hre been but little change in 
the type and manufacture of the consumer's meter. The inaccu- 
racies due to water evaporation, the corroding action of the various 
elements upon the metal material, together with the facility with 
which the wet-meter could be “doctored,” has practically put 
that type of meter out of current use. There is perhaps no other 
mechanism of its class which has endured the test of time with 
so little change in its original design os the drj’-mcter, which is 
practically identical in construction as manufactured both in this 
countrj’ and abroad. 

The most radical departure from the orthodox standard in this 
line has been made by the 11. H Sprague Co. of Bridgeport, Conn., 
whose meter has now stood the test of service for some three 
years. The Spnague Co, furnish nipples and unions, whtcli make 
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their meters adaptable to anj class of standard connections, thereby 
making them interchangeable with the older types Their No. 1 
meter has the capacity of the 3-, 5-. 
and lO'light.oldstyle, while the No 2 
is equal to the former 30-light , other 
sizes are now in procC'S of design 
Meter=testlng Corrections. — In 

using a small gas-holder or proMjr it 
is often found that the temperature 
of the gas passing through the meter 
is greater or less than that found in 
the holder, and this may make some 
difference where accurate work is de- 
sired. For example, the following 
table shows the percentage increase 
in volume of gas at various tem- 
peratures over that at freezing, it 
was compiled from English figures. 

Hence, for ordmarj’ purposes and 
ordinarj’ temperatures, corrections 
may be made on the assumption that 
4® Fahr. increase or decrease in the temperature of air or gas 
produces 1 per cent variation in the volume of such air or gas, 
or 1" produces a difference of 0 0025 per cent 



Timperkture in 
Fahrenb*it's 

Sc>le 

I’ere«n(is< 

_ of 
Espansion 

Tempefature 
in b«hren> 
belt • 8<nle 

P»rc»nU6« 

of 

Espan^ioo 

Tem^»nlur6 I 
belt > Scale I 

rercontage 
„ of 
Uxpa&Bion 

31 40 

0 

64 33 

5 5 

74 30 


33 5i 

0 5 

5« 24 

0 0 

75 91 

U 5 

35 70 

1 0 

5S 12 

6 5 

77 2J 

12 0 

37 84 

1 6 

60 02 

7 0 

78 SI 


39 91 

2 0 

62 00 

7 5 

I SO 40 

13 0 

42 05 1 

2 5 

6.3 77 

8 0 

81 94 1 

13 5 

44 17 

3 0 

6.5 G.3 

8 S 

S3 44 1 


46 22 

3 5 

67 43 

9 0 

84 SS 1 

14 5 

48 25 

4 0 

09 18 

0 5 

SO 39 ' 

15 0 

50 32 

4 5 

70 90 

10 0 

S7 M 1 

15 5 

52 30 

5 0 

72 60 

10 S 

S9 20 

IG 0 


Thus if the holder temperature is 59°. that of the meter 61°, 
when the meter registers 5 cu ft . the holder indicates 4 9 cu. ft. 
Then 4 9 X2 X0 0025 = 0 025, which must he added to the holder 
indication, making 4 925 cu ft , which is 0 075 cu ft fast, or l 42 
per cent If the temperature of the meter is the lower, the correc- 
tion for the volume must he subtracted instead of added to get 
the correct holder indication 
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Thb question of pressure j** one which must be determined 
solely from local conditions, the basis of which must necessanly be 
the extreme terminus of the distnbuiion system, or, in other words, 
the roinimum pressure must be the unit from which all calculations 
are to be made 

Adequate Pressure.— Pressure can at all times be reduced 


outlet of the holder On the other hand, the loss of pressure due 
to friction is enormous, \\hich reduction is materially increased by 
sharp bonds in the pipe-line The initial pressure, therefore, must 
he governed by the minimum pressure allowable or the pressure 
that IS necessary to deliver in the most remote sections of the system. 

Loss of pressure through friction can. of course, be largely ob- 
viated by increasing the diameter of the mam, the capacity of gas- 
pipes vaiying a-s the square root of the fifth power of the diameter. 
The most convenient way for maintaining an equalized pressure 
throughout an entire svstem is to establish a series of testing- 
stations, or of locating Bristol recording gages m various localities 
and ob'cnring from these llic minimum pressure prevailing at 
"peak nf load” hours 

In u«ing the expression ‘‘minimum pressure” the writer means 
the peak of the load-line as ol)servc<l on a Bristol chart during the 
heaviest day’s consumption during the year A record of these 
tests should l)e kept from year to year, as an increase of consump- 
tion in any district, or other distnet adjacent or connected thereto, 
will cause so materia! a drop in pressure as to seriously affect the 
'crvice, and if a comparison is kept up throughout the lighter 
burning months, together with previous records, such a drop mav 
bo anticipated and larger m.ains. or other expedients such as cross 
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’ ■ " ’ ’ the tapping in of a booster- 

I >ize of pipe requisite, a Cox 

gas-flow computer can be had from any of the gaslight journals 
which will be found verj- convenient m determinmg the size and 
pressure drop in various pipes. 

Pressure is also frequently affected by traps of tar or other con- 
densation occurring m the pipi-., and of a failure to pump drips at 
proper mter\’als A regular taid S 3 Stcm should be mamtamed 
containing a record of the pumping of eacli dnp, its location, capac- 
itj’, etc., and these dnps should be gone over periodically 

The question of house pressure, or burner pressure, is a vital 
one and of constant occurrence in the handling of complaints In 
the examination of poor lighting conditions ui a house or other in- 
stallation, the pressure teat should be a first consideration The 
first test should be made on 'lie servue side of the meter and a 
record made thereof The next test should be made on the house 
side of the meter, and a simple deduction of the two readmg? will 
indicate tlie loss of pressure due to the meter normallj', 0 2 in, 
sometimes caused by a stoppage, condensation, breaking of parts, 
or a stiffening of the meter-diaphragm. It must be remembered 
that loss of pressure is invanably due to friction, and that without a 
" ' ' "" ' onJcr to make any 

. which is best done 

nation and thereby 
I demand. A com- 


fincly calibrated «atcr-gage. carcfullj" read throughout the branches 
of a house-sj’stcm, will indicate At just what pomt the friction is 
extreme or first e\udent 

lier 

cap 

sho 

pressure not less than 2 in The maximum pressure is, of course, a 
matter of local conditions and necessitj’, the minimum being the 
umt of consideration and calculation It should on low-pressure 
sj’stems be at icast tess than 4 in and pitSeiaYAy xmder 3 inches on 
account of le.ikage 

It is, of course, understood in all references to pressure that the 
u eight of a column of water 27 77 inches m height is 1 lb per sq. 
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in., one inch, th ' ’ * — 

per sq in = 1.7- 
height of water- 
per sq in. 

It bo found convenient ■when investigating poor pressure 
to take the pressure of adjacent sei^dces before taking the house- 
pipe pressure and by comparison locate stoppages, should there be 
any, in the senucc or the immediate district of the main. 

Governors. — The rattling or ^bration of the dry-pressure regu- ■ 
lator or governor is invariably caused by its being insufficient in 
size, either to pass the amount of gas demanded or to accommodate 
a pressure considerably in excess of that for which the governor was 
designed The matter may be corrected either by putting in a 
go^emor or regulator of larger capacity, or by placing two or more 
governors in senes. 

Two cuts of governors are herewith appended (Figs. 56, 57), 
namely, the Automatic and the Foulis air control governors. The 



objection to the Autom.alic governor is: IMicrc peak loads come 
on suddenly and from widely outing districts, the pressure-area 


close attention which is demanded bj- the hand control, and in tliH 
connection the action of tlic Foulis regulator is accurate and .‘•imjile, 
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■ ■ ■' ■' ' ""us governor IS especially 

booster, Imes; it is ap- 
)eing run to some con- 
venient pomt Within a radius of 1000 yards. 

Excellent house or local governors are made by the Connelly 
Company and the Chaplin & FuHon Company. 

Pressure-gages, — The tiillercntial picsssure-gagc illustrated by 
Hg. 59, as designed by the wntcr some year^ ago has been found 
of extraordinary value m the location of stoppages, back pressure, 
etc , throughout the apparatus and connections of gas-works. It 
consists of a senes of any numlicr of brass T’s (/I), connected 
together by short nipples, and the whole clamped for convenience 
against the pressure-boa’d In the center a large U pressure- 
gage {R) 13 connected, having a capacity up to several pounds and 
gr^uated dowm to 0 1 m water pressure. 

Cut into the riser of the gage at I? is a relief-cock, to relieve 
compression between making tests and to permit the fluid m the 
gage to return to zero 

A number of pressure-lines, which may be as small as j-in. 
pipe (D), are run from various portions of the works from clifferent 
apparatus and sections of mams These should be properly labeled 
and are connected into the male outlet of the T’s, brass cocks (C) 
being inteijiosed 


On mams where there are no high-pressure booster-lines or 
sub-station governors it is often difficult at the works to deter- 
mine exactly the hours of peak load and the moment of maximum 
demand. . .. ..j, 

any incrca« 

W. A I3ae 

following device ms idea is mat me esisenuai 'pnncipie oi 
pressure regulation is to maintain a certain pressure at the con- 
sumers' meters, within a small percentage either way of a fixed 
jires-iure, and as the consumption increasce or decreases, the holder 
pressure shoultl be correspondingly riuscd or lowered. This is 
usually nccomplidied by placing recording pressure-gages in the 
various districts supplied by tbe holder, and by raising or lowering 
the holder pressure to supply the demand, as reflected from the 
charts of these gages, until the best average for the entire district 
so supplied is readied. 

It IS, of course, ob% ious that the same condition of consump- 
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tion never obtains on succewive days or months, and therefore 
Mr. Baehr has arranged an automatic indicator in the outlet-pipe 
of his holder. This consists of a Pitot tube facing the holder. 



The opicning in the tube, vhicb faces the stream of flowing pas, 
gives the pressure due to the sum of tlie static head plus the im- 
pact or velocity head; ivhereas the side opening gives the pressure 
due to the static head only; therefore any variation in the vay 



Fio.«)— Differential Prea^uro-gage for Use with the Pitot Tube (Laclede Oa<-l 
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of flow of gas is at once reflected by the variation in differential 
pressure between the two openings of the Pitot tube. By using a 



^cr>' senritivc <liffcrentifll • — ■* 

readily be observed. It ■ . . ■ . , 

gages for each p.nrticular ■ ' ■ ■ ■ ■ 
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t^n the variation in pressure of the holder necessary to supply 
any particular demand The Laclede Gashj'ht Co of St Louis, 
Mo., use three tjpes of sen'utue differential gages, provided with 
two scales, one of which shows a di\ision m millimeters and the 
other readmg gives directly the proper pressure to be carried on 
the holder outlets. 

An excellent mk for recordmg-gage pens may be made of 
glycenne, colored with a solution in alcohol of fuchsme, cochineal, 
or any other aniline colonng-matter, a sufficient quantity being 
added to bnng it to proper viscosity. 

It will be kept in mind that increasing the pressure increases 
the consumption, and that mam and pipe leakage increase at the 
Same time 

Engine Pulsations. — It is often the case, where a gas-engine 
is connected to a comparatively small street main, for its opera- 
tion (especially where tins engine is of multiple-cycle type) to 
cau.«e a considerable pressure fluctuation in the adjacent gas sup- 
ply, causing disturbance of the district lighting To correct this 
there are various devices, some of which ore. Connecting two largo 
gas-bags to the pipe, between the engine and the gas-meter; or 
putting in two pipes of three or four times the diameter of the 
engine supply-pipe between the engine and meter, or meter and 
service, or cutting in a stop-cock after the meter, and turning 
this down m feuch a manner as to supply the gas-bag or bags at a 
practically uniform rate, and therefore make a practically con- 
tinuous flow of gas The best method, especially in the u-se of 
multi-cjdmder engines, is to have a miniature holder, the seal 
consisting of some non-volatilc liquid In the interval of the 
strokes of the engine the supply of this, rc'crv’oir is replenished, 
and the pressure of the atmosphere against this seal and holder 
crown tends to cushion any pulsation which may occur This is 
unquestionably the best form of snbration reducer, but somewhat 
expensive An old meter-prover may be utilized, however. 

The ordinary form of drauglit-gage, consisting of a U tube con- 
taining water, lacks sen‘!ifivencss when used for measuring small 
quantitiesof draught. TheBarnisdraught-gagemultiphestheindi- 
cation of the ordinary U tube as many times as maj’ be desired. 
This instrument consists of a tube, usually made of J-in. glass, 
which 1 =! surmounted by two glass chambers having a diameter of 
about in , being arrang^ m the manner shown in Fig. 02. 
It IS placed in a wooden case provided with a cover, the outside 
dimensions being 0^X20 in ; this is screwed to the wall in an 
upright position Two different liquids, which will not mix and 
which are of different color, are used for filling the instrument, 
one occupying the portion AB and the other, which is the heavier 



EFFECT OP COltPIlESSION ON CANDLE POWER OF GAS 


Gu in IloUUr 

^ Cm rre«*ur« in Pounds per 

bquore Inch ^ 

Kind of Cu 

S 

le 

SO 

30 

14 8 candle power 
10.14 ■■ 

17.59 ■■ 

18 50 “ 

17.10 “ 

17 30 

e P 

IJ 2 
15 73 
18.09 

16^5 

'■"i 

16 05 
15 4^ 

c P 

15 02 

Coal-pas. 

23 per cent water-RM. 

29 " ” " 


Tl)c incrc.'L'5c<l candle jwwcr and brilliancy at 5 lbs compr^- 
einn can lx; accounted for b 3 ’ the decrease of the moisturc in the 
pas. Many attempts have liocn made to dry the pas, with tlic 
result that «hen it %\as deprived of its moisture the illuminatinp 
power was increa-sod to a considerable extent. 

Tlie follnwinp annly.scs wen* .sectirtxl throuph the courtesy of 
W. It Addick.s and were made by J. F- Winp, chemist. 
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CHEVtlCKt, AN\L^SES OF COMPREP^HD OAS 



Gss from 
Holder 

Caa Compresaol 
Pound* per Square 

Oa* from 
Holder 

Ga* Compressed, 
Pounds per Square 


10 

so 

20 

30 

CO. . . . . 
Illuroinants . 

O 

CO 

H, . ... 

CH, 

S,.... 

Per Cent 

2 5 

6 0 

0 2 

12 3 

50 G 

20 4 

2 I 

Per Cent 

2 3 

6 0 

0 0 

12 3 

50 2 
26 7 

2 0 

FtrCent 

2 4 

7 0 

0 0 

47 3 

3S 0 

5 7 

Per Cent 

0 

7 

0 0 

12 C 

49 2 

28 0 

1 5 

Per Cent 

2 0 

G 5 

0 0 

13 3 

49 1 

27 1 

S 5 

Per Cent 

2 1 

6 7 

0 0 

12 4 

4G G 

27 C 

4 7 

Total. . 

100 1 

99 5 

99 G 

100 0 

100 5 

100 1 

Candle power 

17 0 

18 1 

1C 00 

IS 59 

15 4S 

15 02 


VALUES or A GIVEN QUANTITY Of CAS AT DIFFERENT PRESSURES. 




M iH Contain the 
FollowinK Cubic 
feet of Cl) 

100 

4 oz 

100. 

100 

8 " 

101 

100 

1C “ 

106 

100 

1.5 lbs 

109 1 

100 


111 8 

100 

5 “ 

125 

100 

10 " 

140 

100 

15 “ 

200 


REGISTRATION OF GAS BY METER UNDER DIFFERENT PRESSURES 
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Tlir EQUIVALENT OF OUNCES TER SQUARE INCH PRESSURE IN INCURS O. 
U ATER AND OF MERCURY 


OancM 

Inrbea of 
Water 

Inches of 
Mercury 


Inches of 
Water. 

Inches of 
Mercury. 


1 7 

0 125 

9 

15 5 

1 125 


3 4 

0 250 

10 

17.2 

1 250 


5 2 

0 375 

11 

19 0 

1 375 

4 

6 0 

0 500 

12 

20 S 

.500 

5 

8 6 

0 f25 

13 

22.6 

1.625 

G 

10 3 

0 750 

14 

24 2 

1 750 

7 

12 0 

0 875 

15 

26 0 

1 875 

8 

13 8 

I 000 

IG 

27.7 

2,000 


These conversion tables are often useful in natural-gas distri- 
bution 


HEIGHT OF WATER COLUMN IN INCHES CORRESPONDING TO VARIOUS 


rRCSSURr.8 in ounces per SQUARE INCH. 


Pressure m 

Ounces per 

Square Inch 


Decimal Parts of an 

Ounce 


00 

0 1 

02 

03 

04 

0 


0 17 

0 35 

0 52 

0 60 

1 

1 73 

1 90 

2 08 

2 25 

2.43 

2 

3 4G 

3 63 

3 61 

3 98 


3 

5 19 

5 36 

5 54 

5 71' 

5 83 

4 

C 02 

7 09 

7 27 

7.44 

7.61 

5 ' 

8 65 

8 82 

9 00 

9.17 

9 34 

0 

10 38 


10 73 

10. DO 

11.07 

7 

12 11 

12 28 , 

12 40 

12. C3 


8 

13 81 1 

14 01 

14 10 

14.36 

14.53 

9 

15 r>7 1 

15 74 1 

IS 92 

10,09 




Derimal Parts of an 

Ounce 

i 







S<iusre Inch ' 






1 

05 

0« 

07 

08 

00 

0 

0 87 

1 04 


1 38 

1 50 


2 60 




3 29 

2 

4 33 

4 50 

4 C7 

4 81 

5 01 

3 

G DC 

6 23 

G 40 

1 0 57 

0 75 


7 70 

r OG 

S 13 

8 30 

8 -it 

5 

0.62 

0.00 

0 80 

10 03 


C 

U.2G 

11.43 

11 GO 

11.77 

11 9,5 


12 97 


13 32 

1.3 49 



14 71- 

■QfsH 


15 22 







■i!9 
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PRESSURES IN OUNCES PER SQUARE INCH CORRESPONDING TO VARIOUS 
HEADS OP WATER IN INCHES 


He»il in Inches 



■1 Pans of so 

loch 


00 

01 

02 

03 

04 



0 06 

0 12 

0 17 

0 23 

1 

0 5S 

0 63 

0 69 

0 75 

0 81 

2 

1 16 

1 21 

1 27 

1 33 

1.39 


1 73 

1 79 

1 85 

1 91 

1.96 


2 31 

2 37 

2 42 

2 4S 

2 54 

5 

2 89 

2 94 

3 00 

3 06 

3 12 


3 47 

3 52 

3 58 

3 64 

3 70 


4 04 

4 10 

4 10 

4 22 

4 23 

8 

4 60 

4 07 

4 73 

4 79 

4 85 

9 

5 20 

5 20 

5 31 

5 37 

S 42 



DeciiMt ritia of nn 

fBCh. 


Head ID lDCb«« 






Oi 

00 

07 

0 8J 

oe 

0 

0 29 

0 35 

0 40 

0 40 


1 

0 87 

0 03 

0 98 

1 04 


2 

1 44 

1 SO 

1 50 

1 62 

1 67 

3 

2 02 

2 OS 

2 14 

2 19 


4 

2 60 

2 00 

2 72 

2 77 


5 

3 18 

3 21 

3 29 

3 35 

3 41 

G 

3 75 

3 81 

3 87 

3 92 


7 

4 33 

4 39 

4 45 

4 50 

4 56 

8 

4 gi 

4 97 

5 03 

5 03 


9 

5 48 

5 54 

S CO 

5 66 

5.72 


Storage-plants. — These plants consist of a battety of tanks 
set firmly upon foundations to prcA'cnt the breakmg of pipe 
connections under pulsation, in nhich gas is stored under high 
pressure. 

These battenes are connected through a sj’stem of regulators 
A\ith the distnbuting mains, it being go^ practice, however, where 
the pas IS stored under very high pressure to "step down” from 
the higli-pressure battery to a loner-pressure batteiy or even a 
single tank, through the intermediation of a regulator, and from 
the lower-pressure batteiy through another regulating system to 
the mains. 
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SrZCJfICATIOXS rOR BECElVJX'J-TANRi' 
For 110 Founds Working Pressure. 


Number of Site 

:■ 

1 

o 

t 

b. 

1 

"mS 

zS 

< 

Ul 

(s 

_C.g 

!: c 

h 

II 

1^ 

II 

2® 

fi 

a" 

III 

c'S E 
£QE 

111 

C 

CotnpresBor Cepacily 
Receiver u best 
Aaapteil for. m Cubic 
Feet Free ’ r 
per Jtiiouu 

0 

00 

1 

3 

4 

5 

G 

7 

1' 

0 

10 

18 

24 

30 

36 

36 

42 

42 

4S 

54 

60 

CO 

24 

30 

0 

c 

G 

6 

8 

S 

10 

12 

13 

14 

15 

G 

C 

10 

18 

29 

42 

56 

77 

06 

150 

190 

275 

437 

18 

42 

A 

A 

i 

i 

1 

] 

} 

‘ 

: 

350 

575 

950 

1000 

1350 

1750 

2000 

3000 

3300 

5500 

7500 

625 

1100 

1 

i| 

11 

11 

11 

U 

11 

21 

21 

3 

3} 

4 

4 

5 

6 

7 

8 

8 

4 

C 

90 

120 

ISO 

150 to 200 

200 to 300 

300 to SOO 

500 to 700 

700 to 1200 

1200 to 2000 

2000 to 3000 

3000 and o\cr 
\ Tlieite arc only 
fumislicil hori* 

^ zontal style and 
are used 03 water* 

J traps in air lines 

Number of Site | |l 

12 1 13 1 

14 

IS 1 16 1 17 

18 

L. 

L- ! 

- • 




let flanRes. inches . . 

3 

3 

^1 

4 





Diam of safety-valve, In . 

11 

11 

14 

»> 




3 

Compressor capacity re- f 

150 

150 

Irol 

300 

500 

700 

1200 

3000 

cfitcr IS best adapt- J 


to 






uni] 

ctl for pounds 1 

loss 

200 

300 

500 

700 

1200 

3000 

abo\o 

Weight, alMut, pounds . .. 

800 

1150 


1900 


1200 

3000 

cooo 


For 150 Pou>ps Working pRE^HUhE TrsTco to 225 Pounds Water 
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Tl;c cormeclions of the batterj* and the entire S 3 ’stcni should 
be as “flexible” as possible, ]iermittmg ilie use of anj’ unit at 
any time and the addition of other units to extend the capacitj' 
of the plant. There is of loursc an economical ratio oxistinp 
between the cost of additional storage capacity and the cost of 
compression; tins must m all instances be deternunod 

A standard size of tank heretofore adopted bj’ some of the 
Western companies is a tank 6 feet m diameter by 30 feet long, 
with reinforced manliole fitted ^ith co\-er and yoke, reinforced 
2-inch outlet and mlet, and reinforced 1-incli drip outlet Tlie 
tanks must be placed upon their foundations so as to avoid any 
possibihtj’ of an unequal strain throughout its length, as a leak 
once started in high-pressure tanks is most difficult of repair The 
tanks of the dished-hcad t>pe are most satisfactorj’ In the in- 
stallation the tanks should rccciv’e the greatest care. 

On the opposite page are given the specifications for a few of 
the receiving-tanks made by (he Bury Compressor Company. 

These receiv ers are providcvf vntJi manholes and can be furnished 
to rest vertically or honzonlafly, the price for cither being equal 
for equal sizes. Companion flanges .ire regularly supplied. 

Made of 60,000 pounds t. s. steel All longitudmal scams 


at a distance not less than 50 feet from the storage-plant. 

Absolute Pressure. — To find real oral>solutepros‘«ure, uliich is 
neces.«ary m all formulas concemmg gas, steam, or air, unless 
gage pressure is distinctly specified, atmospheric pressure must 
be added to gage pressure (usually 14.7 lbs at sea-level). 


HELATIV’E carrying capacity OFCiUS-PIPES 
(Norwalk Iro^ Co ) 


niA£nfrt«r, 

Compirst IV 

e C*p8«iy 


Comparative Caparily 

Delwery of 

8™™ 

Df livvry of 
Gas 

A?”.' 



1 00 

4 

0 0102 

0 0278 

la 


0 25 

3) 

0 OOGO 

0 0212 


0 10 

0 175 

3 

0 0045 

0 0156 


0 OG 

0 111 

21 

0 002S35 

0 01(» 



0 OSS 


0 001 4S5 

0 0009 


0 03 

0 0625 

ti 

0 OOO^IO 

0 0039 


0 OlSO 

0 0131 

u 

0 fXlOloO 

0 00272 


0 OUl 

0.03.>1 

1 

0 000225 

0 00173 
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PPECIFICATIOVS FOR RECEIVIKG-TANKS 
Ton 110 Pounds Wokkino rnE«siTRK. 
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CompfK»or Capacil; 









111 

a 

Uwnpr m bfxt 

z 

1 

1 

c 

Bi 

i 

^■5 

15 

< 

cl 

Jl 


li 

a 

Adaptui for, in Cubic 
I'fft Free • r 
per Minute, 

0 

IK 

G 

10 

\\ 

U 

3.V) 

1 

24 

90 

00 

.>1 

G 

18 

i 

i 



24 

120 

1 

30 

6 

29 

\ 

I 

950 


3 

150 

2 

3G 

6 

42 

i 

j 

i 

1000 


ai 

150 to 200 

3 

30 

S 

50 


1350 


4 

200 to 300 

4 

41* 

8 

“7 


1 

1750 


4 

300 to 500 

5 

42 

10 

90 

I 

2000 

*> 

5 

500 to 700 

6 

4S 

12 

150 

A 

A 

3000 


G 

700 to 1200 

7 

51 

12 

190 

A 

A 

3300 


7 

1200 to 2000 

7i 

00 

14 

275 

1 


5500 

24 

R 

2000 to 3000 

8 

CO 

18 

437 

A 


7500 

n 

8 

3000 and over 











Tlvcfc a» only 

0 

10 

21 

30 

0 

6 

18 

42 

\ 

\ 

1 

025 

1100 

!| 

4 

0 


funnelled hori- 
zontal style and 
areusctloa water- 











traps m air lisea 
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(135«W 
(J-s • 


(13.50)^d^; ) 

Q-l 


From theabo%e it is apparent that, other things being equal— 


Q vanes direi-tlj- a-i n /» 

• ‘ ^ rfS 

“ iinerbely as \ T 
“ • ‘ \ 
d vanes directly as 



/> vanes 


I vanes 


m%cr55el3 asV y> 

5 \ane^. diicLth as p 
.. .. - .. 


directly as Q® 

“ I 

“ “ s 

inversely as d® 
directly as p 
“ “ d® 

inversely as 
“ “ s 


in\ersely as 
" “ I 


A cnu'sideratinn of the foregoing puos n«c to the following 
.'ixioms or mles* 


QU\NTm - PRES'iiL’RE. 

Double the quantity reijuircs four times the pressure 
Or, four times the pressure will pass double the quantity. 
Half the qu:intit\ requires one fourth the presaure. 

Or, one fourth the pre&sure is sufficient for half the quantitv. 
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QUAXTITV — LEN'Cni. 

Double the quantity can be discharged through one fourth the 
length. 

Or, one fourth the length will allow of double the discharge. 

Half the quantity can be discharged through fourtimes the length. 

Or, four limes the length rcrlures the discharge one half. 

QUANTITY — DIAMETER. 

Tlurt\-t\\n times the quantity requires a pipe four times the 
diameter 

Or, a pipe four times the diameter %\ill p.ass thirty-two times as 
much gns 

A pi|» one fourth the ilmineter will pa&< one thirty-second of 
the quantity 

Or, one thirty-second of the quantity can be passed by a pipe 
one fourth the diameter 

QUANTITY— srccinc CRAATn'. 

The specific gra\ity stands in just the same relation to the 
>olumo as the length does (sec Axioms 3 and 4). 

rRcsstmc — length. 

If the pressure is doulilod the length may be doubled. 

And. contorsciy, if the length be doubled the pressure must be 
doubled. 

If the pressure be halved the length may be halved. 

And, conversely, if the length be halved the pressure must be 
halved 

From Axioms 8 and 9 it is evident that — 

The prc.ssure required to pass a pven quantity of gas varies 
exactly as the length of the pipe 

PRESSUHE — SPECIFIC GRAVTTY. 

The pressure required to pass a given quantity of gas also 
varies exactly as the specific gravity of the gas Hence if the 
specific gravity of the gas were doub!^, double the pressure would 
be required 


PHISSURK — ^DIAMETER 

One thirty-second part of the pressure is sufficient if the diam- 
eter Ive doubled; or, in other words, if you double the diameter you 
require only one thirt 5 '-sceond of the pressure to pass the same 
quantity of gas. 
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If 5’ou hahe the diameter, thirtj’-two times the pressure is re- 
quired. 

And, con\ersely, if you increase the pressure tiurty-tuo times, 
the diameter can be lialved 

LENGTH — DIAMETER. 

The length can be increased thuty-tno times if the diameter be 
doubled 

And, conversely, if the diameter be doubled, the length can 
be increased thirty-two times am! pass the same quantity of gas. 

If the diameter be halved, the length must bo reduced to one 
thirty-«econd to pass the same quantity of gas. 

And, conversely, if the length be made one thirty-second of the 
distance, the diameter may halved. 

srECmC GRAVITY — LENGTH 

If the specific gravity be doubled, the length must be halved, 
and vice versa, to satisfy the equation. 

SPECIFIC CRAVm — DIAMCTER, 

Tlie Specific gravity follows the same laws as the length docs 
m relation to the diameter. 

It must be borne in mind, when using the above rules, that all 
other conditions remain the same when considering the effect of 
one factor on another in the different paiis 

The above may be found convenient for rule-of-thumb calcu- 
lations 

COMPARISON OF FORMUI-E. 

vermg natural 


gas . 

‘‘eral formul® 

we obtain tlie loiiowmg lesuiis. 

Fonnula. Calculated Cu Ft per Hour. 

(Actual volume delivered) (18,200) 

Pittsburg . . 1S,3S0 

Cox’s . 16,000 

Oliphant’s 16,260 

“ corrected 17,510 

Robinson’s 18,7.30 

Unwin’s 31870 

Velde’s 22 0GO 

Richards’ (corrected for 0 6—^ gas). . 18,708 

Hiscox’s (corrected for 0 6 — g gas) 16,250 

Lowe’s 26,910 
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HOUSE PIPING. 

SPFXIFICATIONS FOR llOUSC PIPING. 

First The piping roust stand a pressure of 3 lbs. per square 
inch, or 6 in of roercurj’ column, u-ithout showing any drop in the 
mercury column of the gage for a period of ten minutes. After 
the fixtures are in place, the piping and fixtures must stand the 
same test However, when on tliiiri inspection there nre any old 
fixtures under test, the pressure required will be only 8 in. of 
water column. Leaky fittings or pipe must be removed, cement- 
patched matenal will be rejected 

Secord The sizes of pipe shall not be less than are called for 
in the table shown on page 240. This table shows for any given 
number of outlets the greatest length allowed for each size of pipe. 

Third The piping must be free from obstructions. Every 
“ • hammered and 
e lead or other 

■ ^ • pip®- Always 

put jointing material on the male thread on end of pipe, and not 
in the fitting The use of gas-fitters’ cement is prohibited. All 
piping should be blown through after being connected, to make 
sure it is clear 

Fourth All piping must be free from traps All pipes shall 
grade back toward the riser, and thence to the meter, use a spirit- 
level m grading Any pipe laid in a cold or damp place should be 
properly dripped and protected. 

Fifth The piping must be ri^dly supported by hooks and 
straps. Outlets for brackets or drops must be secured by strap.s 
or flanges, which are nailed or screwed to the woodwork. Where 
the walls are not masonry, they should be plugged and the straps 
fastened to the plugs. 

Sixth. The riser must extend to a point within 24 in. of the 
proposed location of the meter, and, if a horizontal Ime is needed, 
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a tee, with plug looking down, must be put on the bottom of the 
vertical pipe. In piping new housra the gas-fitter should decide 
where the gas-meter ought to be located, and extend the riser to 
terminate within 24 m of this pouit In deternimmg the proper 
location of the meter, he should be guided by the following. 

Meters. — Meters must not be located under stoops, sidewalks, 
or show-wmdo^\s, near furnaces or oi-rais, locked in compart- 
ments, nor placed in any other situation wlicre they will be mac- 
ccssible or liable to mjury 

If the building is on a street comer, the company should bo 
asked from which street the senice mil be run, and where the 
meter should be located If at any time the fitter is in doubt as 
to the future location of a meter, on application to the proper 
office, some one will be sent to instmct him 

MTitre more than one meter is desired in a given building, to 
accommodate different tenants, the company will set as many 
meters as there are separate consumers, connecting them to one 
Ecrsnce-pipe, proMded that the risers or pip« Icadmg to the dif- 
ferent tenants arc extended to within a rea-sonable distance (say 
0 ft ) of the actual or proposed location of serxnce All the meters 
must stand side bv side in the cellar or basement, nitiim view of 
the end of the service The comp.any will not set meters on the 
different floors of a building Risers must not be scattered, but 
must drop together to the collar or basement, preferably in front 

C art of building They should not extend more than 3 in below 
ottom of joists, and should be kept at lc.ast 3 in apart. They 
must never end in such a place that licams, girders, heater-pipes, 
etc . to be put up subsequently, would prevent making connections 
to the meter 

Always use fittings m in.iking turns, do not bend pipe. Do 
not use unions in concealed woik; use long screws or right and 
left couplmgs Long ntns of ajiproximafely horizontal pipe must 
be firmly supported .at sliort intervals to precent saggmg All 
horizcmtal outlet-pipes must he taken from the sides or tops of 
running lircs. ne%cr from below 

AU ceiling outlets must project not more than 2 in nor less 
than J in., and must be firmly secured and perfectly jilumb Side- 
' m , and nmst be at right 

, walls they must lie en- 
cased, the gas-pipe resting on the bottom of the casing-pipe with 
a clearance of an inch on fop 

Pipes must lie so run and covered as to be readily accc'-ible 
Do not run them at the bottom of floor-bc.ains wliich are to In* 
lathed and plastered. They must be sccuirly attachixl to the top 



238 AMERICAN GAS-ENGINEERING PRACTICE. 

of the beams, which should be cut out a.s little as possible. Where 
pipes arc paralleled to beams, they must be supported by strips 
nailed bct\\een two beams. TTiesc strips must be not over 4 ft. 
apart. All cutting of beams should be done as near as po.ssibIe to 
the ends or supports of the beams. Pipes must not be laid 
beneath tiled or parquet floors, under marble platforms, or under 
heartlistones. where it can be avoided. Floor-boards over pipes 
should 1x5 fastened dowm by screws, so that they can readily be 
removed 

No stove line must be used for lighting purposes without first 
obtaming permission from the company. 

Requirements for Oas-fixturcs. — !. All fixtures for outside 
lighting must be made so that at nil traps there is pronsion for 
letting out condensation. 

2. Pendants must be made as follows: 




1 Wben Mtds el 


PeiuJaol Ovrf All 

\ Iron Pipe, 
in dinm 

Braw Pip*. 

One-piecc pendants | 
Ilarp or ‘‘C " pendants 

2 ft 0 ID and under 

0\er 2 ft 9 in 

Any length 


1 

t 

Li_ 


Length of pendant over all is understood to be the distance in 
a straight line from the stiff joint to the lowest part of the pendant. 

3. Arms of gas-fixtures, or those parts which cairy the gas 
from only one bumer-nozzlc, must be of the following sizes: 


W'ben of 


Leogth of Arms 

Iron 

Pipe 


Cawd, 

1 Unrseed. 
in dinm. 


12 in or shorter . . 


i 

i 

From 12 in to 18 m inclusive. . 


i 


Over 18 in 

i 

i 



Length of arm is understood to be the distance in a straight 
line from the center of the stem to the center of the burner. 

4. Stems of 2-light straight or toilet pendants must be made 
as follows: 
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Lroeth of Pcnilant Over AU 


2 (t. 6 in. and under 

Over 2 ft. 6 in and iitnier .{ ft fJ in 

3 ft G m. and o\Tr 


When Made of Iron Pipe 


5. Stcim of {;a.‘i-fi.\tiin.“». <ir tho>c parts nliicU carrj' gas for more 
than one bumer-nozzle imi-'l lie the following sizes: 


^Qmbe^ of Lmhla 



In,n ra-vl j 

nrsM Pjpe 


Not Muaticr lhaii 1 in 

Not smaller than i in 


.Not Mnallcr Ihun j m 

Not smaller than } in 

12 and oier . 

1 in and over I 


0 All keys must l>e well ground, and ao fitted as to show no 
leak under 3 Ihs , mercury-gage pressure, when the keys can be 
tumedjay finger 

’ © 

t 

e 

f 

threads 

S The company reserves the right to take fixtures apart at 
any time, and to refuse to pass them if they are not constructed 
m accordance with good worKm.inship 

Note . — The above requirements refer to combination fixtures 


necessaiy* to oicrcomc the friction, increases ^nth the quantity of 
g.is that goes through, niul as the aim of the table Ls to have the loss 
in pressure not e\ccc<i one-tenth of an inch water pressure in 30 
ft., the .size of the pipe increases in going from an extremity toward 
the nieler, ns e.nrh sectnuj Jias an mrirasing jiiimlier of txjflets to 
Mipply. The quantity of gas the piping may* be callcil on to pass 
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tlirough IS fatated in ternu of |-in. outlets, instead of cubic feet, 
outlets being used as a unit instead of burners, because at the 
time of first inspection the number of burners may not be defi- 
nitely determined. In designing the table, each f-m. outlet vas 
assumed as requiring a supply of 10 cu. ft. per hour. 

TABLU bllOWINO THE COimECT SIZES OF HOVSE PIPES FOU DIFFERENT 
LENGTHS OF PIPEto AND NOIIlLItS OF OLTLEl.-^ 



In UMng the t.aWe olwn'e the fullowuig rules: 

1 No house riser sIi.tH he less than j m The house riser is 
considered to extend from the cellar to the ceiling of the first 
floor Above the ceiling the pipe must Ik) exteiidc<l of the same 
size as the ri«cr until the first branch line !>> taken off. 

2 No house pipe shall be less than ^ in. An extension to 
existing piping may he made of I-in pipe to .supply not more 
than one outlet, providerl said pipe is not o\ cr G ft. long. 

3, No gas-range sh.all he connected with a smaller pipe than 
1 in. No pipe laid underground shall be smaller than IJ in. No 
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pipe extending outside of the mam wall of a buildinp; shall be less 
than i m 

4 In ftg\inng out the sue of pipe, alwaj-s start at the extremi- 
ties of the system and work towards the meter. 

5. In using the table the lengths of pipe to be used in each 
case are the lengths mea.«ured from one branch or point of junc- 
tion to another, disregarding elbows or turns Such lengths will 
be hereafter spoken of as "sections,” and are ordinarily of' but one 
size of pipe, as no change in size of pipe may be made other than 
at branches or outlets, except where the length of a "section” is 

greater than ' ♦i--' ‘“ble for the size 

of pipe reqi section ” For 

example, if long, 27 ft. of 

this could bi ■ 

6. If any outlet is larger than J in., H must be counted as more 
than one, in accordance with the schedule below 

Size outlet; diam mche« 4 I I 1} 1} 2 24 3 

Outlets m table 2 4 7 11 1C 2S 44 64 

Gas-grates count as follows, a 24 x 30-m for four outlets, and 
a 30x30-m. for BIX outlets C- ' . 

2 in. in length, thu8a24-in • • ■ 

7. If the exact number of • • . • • : ■ » 

table, take the next larger : ‘ * ' . . ■ « 

outlets are required, work with the next larger number in the 

table, which is twenty 

8. For any given number of outlets do not use a emaller-sized 
pipe than the smallest size that contains a figure m the table for 
that number of outlets Thus to feed fifteen outlets no smaller 
pipe than 1 in may be used, no matter how short the "section” 
may be 

* ” ’ ' " “ ’ me. 

and 

we 

luld 

1 . . - i’*P® 

would be supplying a 2J-inch, the 100-foot section must be made 
2i inches This does not apply to the case of a small pipe inside 
of a building supplying one outside of the main wall of a building 
made large on account of the conditions of outside supply. 

HPE-FITTINO SPECIFICATIONS. 


n and 
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commissioner 

Pipes shall be run and laid to avoid any strain or ^^eight on tiie 
same, except that of the fixtures. 

Outlets for fixtures shall be securely fastened; all outlets not 
covered by fixtures shall be left capped, and the number of burners 
for each outlet shall be marked on the builders’ plan. 

Pipes laid in a cold or damp place shall be properly dripped, 
painted with t«o coats of red lead and boiled oil, or covered with 
felting satisfactoiy to the budding commissioner. 

Swing-brackets shall have a globe or guard to prevent their 
burner from coming m contact with the wall. Bracket outlets shall 
be at least 2 J inches from w mdow or door casings. 

Stop-pms to cocks shall be screwe<l into place, 

The use of gas-fitters’ cement is prohibited absolutely. 

Inside services shall be tested by tlie fitter who received the 
permit to connect the service or meter 

There shall be a final test by a gas-fitter of all fixtures and pipes 
by a column of mcrcuiy raised not less than six inches, which must 
stand ten minutes, this test to be made in the presence of one of 
the gas-fitting inspectors of the building department; the gage to 
be made of glass tubing of uniform interior diameter, and so con- 
structed that both surfaces of the mercury will be exposed. 

All gas-pipes shall be of wrought iron or steel, all fittings of 
malleable iron, and all meter connections of lead pipe of the same 
size as the riser, except where meters are to be connected with 
flanges. 

Brass solder nipples shall be used on all lead-meter connections. 

Gas-pipes of iron shall be run in accordance with the following 
Scale. 


Diainttcr. 

L^Cth, 

Feet 

No of Burners. 

i 

2C 

3 

i 

30 

6 

i 

£0 

20 

1 

70 

35 

1} 

100 

60 

1} 

150 

100 

2 

200 

200 

2i 

300 

300 

3 

450 

450 

3} 

500 

COO 

4 

600 

750 
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commissioner. 

Pipes shall be run and laid to avoid any strain or weight on the 
same, except that of the fixtures. 

Outlets for fixtures shall be securely fastened; all outlets not 
covered by fixtures shall be left capjied, and the number of burners 
for each outlet shall bo marked on the builders’ plan. 

Pipes laid in a cold or damp place shall be properly dripped, 
painted with two coats of red lead and boiled oil, or covered with 
felting satisfactorj' to the building commissioner. 

Swing-brackets shall have a globe or guard to prevent their 
burner from coming in contact with the wall. Bracket outlets shall 
be at least 2} inches from wmdow or door carings. 


eived the 

perr“* * ‘ 

by t 

stand ten minutes, this test to be made m the presence of one of 
the gas-fittmg inspectors of the building department; the gage to 
be made of glass tubing of uniform interior diameter, and so con- 
structed that both surfaces of the roercuiy will be exposed 

All gas-pipes shall bo of wrought iron or steel, all fittings of 
malleable iron, and all meter connections of lead pipe of the same 
size as the nser, except where meters are to be connected with 
flanges. 

Brass solder nipples shall be used on all lead-meter connections. 
Gas-pipes of iron shall be run in accordance with the following 
scale: 


Diamcitr, 

iDchca 

I/ragth. 

F«t 

No ol Burners. 

1 

2G 

3 

i 

30 

6 

i 

SO 

20 

1 

70 

35 

li 

100 

60 

11 

ISO 

100 

2 

200 

200 

21 

300 

300 

3 

450 

450 

31 

500 

600 

4 

600 

750 
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G^s itt, ^msfzoarK 


ri- — n _ m 

! ' I . i . 



^scjir,V/em. 
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When brass piping is used on the outside of plastering or wood- 
work, it shall be classed as fixtures. 

Outlets and risers not provided with fixtures shall bo properly 
capped. 



jnsaitre d/recf/o?t,. 



Outlets for fixtures shall not be placed under tanks, back of 
doors, or withm three feet of anj’ meter. 

Gas-burners less than two feet from a plastered celling, or less 
than three feet from overhead woodwork, shall be protected by a 
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shield satisfactorj' to the btiildinp commKMonor. In 
buildings no shields will be required * - 

Brass tubing used for amis or fixtures shall be at h'l- » , 
standard gage, w ith full thread AU threads shall screw In • • ^ 



A of an inch. Rope or square tubirg shall lie brazed or soldered 
into fittings and distributors, or hare a nipple brazed into the 
tubing. 

Cast fittings such as cocks, swing-joints, double centers, ami 
nozzles shall be standard fittings, except for factor^' u<=c, where 
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extra-he.'ivy or mill fittings shall be The jilngs of all cocks 

must be ground to a smooth and true surface for tlieir entire length, 
be free from sand-boles, have not less than ^-inch bearing on cast 
fittings and H of an inch on turned fittings, have two flat sides on 
the end for the washer, and have two nuts instead of a tail-scr^w. 
Stems of fixtures of two lights or more cacli shall be not Jess than 
J of an inch iron-pipe size. L-bumcr cocks shall not be used at the 
end of chandelier arms except in stores, churches, theaters, halls, 
and places of assembly or public resort. 

Outlets for gas-ranges shall have a diameter not less than one 
inch, and all gas-ranges and heaters shall have a cock on the sen'ice- 
pipe Ranges and heaters roust be connected with right and left 
couplings, except in fireplace uork, where brass unions may' be used. 

Pipes shall be laid abo\e limbers, unless othenvisc permitted by’ 
the building commissioner. 

No second-hand pipe shall be put into use in any building with- 
out the written permission of the building commissioner. 

Drops or outlets less than } of an inch m diameter shall not be 
left more than 5 of an inch below plastering, center-piece, or wood- 
work, and other outlets shall not project more than f of an inch 
beyond plastering or noodwork. 

Fastening-boards shall not be cut away to accommodate electric 
wires All outlets shall be fastened according to the diagrams 
on page 245 

Gas-pipcs. arms, and stem of fixtures shall be of the kind classed 
as standard pipe, and shall neigh according to the follon'ing table: 


Diam of Pipe, 
Inch 

i 

J 

I 

i 

1 

1 

H 

li 

2 
2i 
3 

3} 


Pounds 
per Foot. 

. . 0 24 
.. 0.42 
.. 0 56 
0.85 
. 1.12 
.. 1.67 
.. 2.24 
. 2 GS 

3.61 
. 5 74 

.. 7.54. 

9 00 
.. 10. G6 


No gas-pipe shall be laid ndthm six inches of an electric vare, 
— i. - I--— ..t . ' • • • ted conduit. 

ng burners are used the 
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'o service from which no 


. . when possible, not come 

in contact with woodwork, and be properly protected. 

(c) Diaphragms and bags must be on the same floor with engine 
and have a valve goNcrnmg same 

(d) The sues of pipes used in connecting gas-engines will be as 
follows. 


ISsr 

Fe«t p»r 
Hour 

Durners 


Length 

leet 

Poner 


Burner. 

Dinm. 

Inches 

Length. 

Feet 

1 

40 

10 

} 

50 

15 

600 

150 

2 

200 

2 

SO 

20 

J 

50 

1C 

640 

160 

2 

200 

3 

120 

30 


70 

17 

680 

170 


200 

4 


40 

li 

100 

18 

720 

ISO 


200 


200 

50 

ll 

■na 

10 

760 

IDO 


200 


240 

GO 

u 

100 

20 

SOO 

200 

2 

200 

7 

250 

70 

H 

150 

21 

840 

210 


300 


320 

80 

11 

150 

22 

880 

220 

2i 

300 

g 

360 

00 

li 

150 

23 

020 

230 


300 


400 

100 

li 

150 

24 

060 

240 


300 

11 

440 

no 

2 

200 

25 

1000 

2G0 

a 

SOO 


480 

120 

2 


2C 

1010 

2C0 


300 


520 

130 


200 

27 

1080 

270 


300 

14 

500 

14'J 

2 

AO 







Dismeter, 

].eDglh Allowed. 
Feet 

No ol Suner* 


20 

3 

i 

30 

C 

i 

50 

20 

1 

70 

35 

11 

lOO 

60 

11 

150 

100 

2 

200 

200 

2i 

300 

300 

3 

- 

450 

450 


Allowing six feet of gas per hour to a burner, this table seems to 
be figured for gas of a gravity of 0 42 and a loss of pre.ssure of 0.1 




Pipe Cement.— Tho following “dopes” ore in common use for 
the making up of threaded pipes and fittings*. 

^\ here oil or gas or vapors are u.«cd under pressure, the best 
mixture is equal parts of white lead, red lead, coach-vamish, and 
dryer Under ordinary conditions there may be used either; 

Red lead and graphite, mixed with vater and oil. 

Graphite and lard-oil. 

Raw linsecd-oil (J) and Portland cement (J by volume). 

Asphaltum and varnish 

Plumbago and linseed-oil 

Fine emery and white lead 

Aluminum elastic cement and linsecd-oil. 

One part each of litharge, red lead, and white lead, mixed with 
linseed-oil. 

Shellac and wood-alcohol. 

Cylinder-oil and graphite. 

^^ite load and coal-tar. 

FLUXES FOR SOLDERING. 

Iron to steel Borax and sal-ammoniac. 

T. — • • • 

■ ie. 
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APPLIANCES. 


A. GAS RANGES AND HEATERS. 

never 

distance of o\cr 50 ft from the meter A pipe is, hcn\*e\cr^ 
better practice, as this admits the connection of a supply.pipg for a 
water-heater The meter should not be smaller than a 5-liel,t 
The maximum capacity of a range of this character is supposed to 
be about CO cu ft per liour. 

Efficiency.—'" * i trus. 

tees of the Amer ve test 

of the efficiency < . of the 

top burners of various samples of gas-stoves may be tested bv 
determining the length of time and the amount of gas required to 

heat a definite quantity c* ‘^a 

F to the boiling-point ' 
the test, and the weight < 
start, the exact time at \ 
gas consumed being accii 

The efficiency of the o\en may be tested by determining the 


2t0 
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color the more uniform is the distribution of heat throughouc the 
oven and the better will it bake. As a rule, the ovens that show 
good efficiency by the baking test will also show a uniform distribu- 
tion of the heat. 

Burners. — Atmosphenc burners in stoves may be classed in the 
main as ring burners with dnlled holes, radial or star burners with 
drilled holes, nng burners with slits sawed in them, and star burners 
with sawed slits. Annular slit-nng burners and serrated disk or 
cap burners are occasionallj’ found, but the drilled or sawed burners 
are most commonly used in the best tj^ic of stoves Other things 


uiiueu iduiai uuineis, uuei vMucii luiiuiv me baweu luig uiiu saatu 
radial, their sequence showing the order of efficiency. 

The advantage possessed by the rmg burners is evident to the 
writer because of a certain amoxmt of regenerative heat and also a 
more equal flow of air to support combustion. By regenerative 
heat is meant that a certain amount of the radiant heat of the 
burner is utilized in bringing up the gas to the point of combus- 
tion pnor to Ignition and thereby permitting less gas to pass the 
flame area consumed 

Great care should be taken in the proper adjustment of air- 
mixers, the best test of which is the color (an electric blue) of the 
flame issuing from the burner. A lack of sufficient air will enor- 
mously reduce the economy and efficiency of the burners, besides 
causing the burner to clog up and flash bat^. 

This flashing back is caused, as a rule, either by improper 
design of the burner, a preponderance of gas, or insufficient air, 
due either to bad regulation or stoppage. In many Bunsen 
burners, brass gauze, or netting, is used, ^th to promote the more 
mtimate union of '' ’ ' ’ ’ ’ ‘ ’ 

the temperature of • > 

exit from the bum i 

foul and, by its fa 
of heat due to its 

causes flashing back and premature explosion. 

In an ordinary atmospheric burner the quantity of air m the 
mixture generally depends upon two conditions: first, the size of 
the air-inlet, and second, the velocity of the gas, which draws in 
the air by an aspirator action. It is, therefore, an absolute neces- 
sity in all conditions where atmospheric burners or Bunsen mix- 
tures are used to have an ample gas pressure, the efficiency of the 
burner increasing to some measure in direct ratio to the initial 
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pressure. Incandescent mantles, -nluch ate ui reality devices to 
convert radiant into luminous enei^, arc good examples of this 
principle 

FLOW OF G.^S IN cuntc FCPT mB HOUR THROUGH THIN ORIFICES, SUCH 
AS AlIl-MIXCnS. FOR GAb-STOVES 


pressure Eejue slenta 


Duuneur of OriSres, 

nrh« 


A,..,.- 


Tenths 0! 

A 

r. 

1 '■ 


1 * 

1 - 












Column 


Cubic 

««t Ili<c 

p 

er Hour 





SO 

12 0 

15 

20 

30 

45 




0 0 

l.t 0 

17 

23 


51 




to 0 

1*. 0 

IS 



SG 



1 00 

10 8 

Iti 0 

20 

27 

40 

61 




11 4 

17 0 

21 

28 


63 




11 0 

17 6 

21 5 

20 


65 




12 0 

18 0 


30 

44 

67 




T2 « 

10 0 

23 

32 

46 

73 



1 bO 

13 5 

20 4 

25 

31 

50 

76 



2 00 

15 9 

21 0 

27 

38 


S6 



2 02 

1C 4 

24 5 

31 

41 


92 


41 

3 

18 0 

27 5 

31 

46 


105 



4 

21 0 

32 0 

41 

51 


122 

i n 

08 

5 

21 0 

35 5 

40 

CO 

02 

135 


SI 

0 

20 4 

39 5 

51 

C6 

102 

148 


65 

7 

23 4 

42 5 

51 

71 

103 

ICO 



8 

30 0 

45 0 

57 

75 

114 

169 


122 

9 

31 0 

47 0 

01 

78 

122 

176 



10 

.12 4 

48 S 

Cl 

81 

1 28 

182 


150 

11 

U 0 

51 0 

08 

85 

138 

191 


10.3 

12 

37 2 

55 0 


93 

142 

209 


177 

13 

38 8 

r.3 0 

74 

07 

148 

218 


100 

14 

40 4 

no 5 

77 

101 

154 

227 


201 

15 

42 0 

b3 0 

80 

105 

JGO 

236 


218 

IG 

43 0 

C5 0 

L^r 

108 

IC4 


13 6 

231 

17 

44 0 

GO 0 

84 

110 

ICS 

247 

14 4 

245 

18 

45 6 

07 0 

87 

114 

174 

255 

15 2 

258 

19 

47 0 

70 0 

CO 

117 

180 

263 

16 b 

274 

20 

43 0 

72 0 

93 

120 

1S4 

270 


Piping. — The gas-range liaA'ing 4 top buniers and an oven- 
burner should never Ik; connccteil to the meter by less than a J-in 
pipe and this should only be in instances where the run is 50 ft. 
or under, 1-in pipe being useil for a gre.ater di-tanco This calcu- 
lation, based on g.is haiing a specific gra\it\ of 0 7, would show a 
I 0 S.S in pressure of about 0 1 in., which, under average conditions, 
should be the ma\imuni lo«s adMsable. 



252 


AMERICAN GAS-ENGINEERING PRACTICE. 


A gas-rango of the average tj’pe should in^’ariabIy be connected 
to a 5-Iight meter, a S-Hght meter, while under most conditions 
ha%’mg the capacity for the passage of the requisite gas, entailing 
too great a loss of prc'^sure. The author’s tests show that a loss 
of pressure through a 3-light meter due to maximum demand of 
gas-range averages 0 4m 

Heat Insulation. — The cohsotsus of opinion seems to be that 
the asbestos heat ms ' ' *' '' 

the dead air-space of 
bo true theoreticall}’. 

ble of realization and the practical loss of radiant heat is greater; 
moreover, the asbestos-lined oven seems to have its heat more 
evenl}' distnbuted Tlie following table, compiled b}' Prof. C. L. 
Norton, shows the protection affonJed b3' insulating linings: 

A steam-pipe heated to 3S5® F. show's an outside temperature of 

350® covered with asbestos-paper ^ in. thick. 

229® “ “ " ‘‘ A" “ 

302® “ “ “ “ “ 

266® “ “ “ “ } “ “ 

J C. Bertsch is authonty for the statement that the transmis- 
sion of heat per square foot of surface per minute through a dead 
air-space 1 m in thickness is 8 B t u , while that of asbestos-paper 
1 in. thick is B t u. He moreover states that the dead air- 
space, properly speaking, docs not exist in the oven of the modem 
gas-range, it being impossible to jom the metal sheets so closely 
as to prevent circulation; under these conditions air has little 
or no propertic-s msulating value Therefore asbestos-boards ^ 
to i in in thickness are the more effective and economical and 
moreover tend to form a dead air-space with the outside metal 
sheet. 

What IS commonly known as sweating in the oven of a gas- 
range is largely due to the hytlrogen in the pas burning to aqueous 
vapor and being condensed against the walls of the oven. It may 
be the result of improper ventilation, which may be remedied by 
the rather uneconomical expedient of increasing the, size of the 
flue-outlet ; or the air-passage may have become closed and steam 
from any article being cooked may itself have been condensed; 
it may also bo caused by the cold walls of the oven, due to im- 
proper lining, in which case the lining .should be examined and 
replaced Tlie ventilation may be responsible, as before suggested, 
by reason of the insufficient draught, the air-ports m tlie range 
ha\dng become stopped and failing to carrj’ off the aqueous vapor 
formed by the combustion of gas. In many instances, however, 
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it is simply the shock of the first gases of combustion coming in 
contact TMth the cold sides of the range, and this can be overcome 
by allowing a more lengthy burning of the pilot-light, or by leav- 
hig the o\ ennioors open for a minute or so after lighting the range. 
At thi'' point It may also be Mated that ran^s uhen hot m use for 
any length of time should be left unth their doors, partly open, or, 
better still, unhinged and entirely remo\ed, as the metal of the 
range ha.«^ a tendency to conden'HJ upon itself moisture from the 
atmosphere, u-liich m a clo'^ o>cn is most destructive to the 
sheets and linings 

Qas Consumed. — The consumption of gas-range ovens vanes 
naturally with the dimcn'-ions of the o\en. With 650 to 700 B t.u. 
ga.s and 2-m water pressure the burners should be able to deliver 
4.} cu ft. of ga.s per hour to a iG-m ovcu and SO cu. ft with an 
IS-m. oven tdouhle burner) Under average bummg conditions 
the oven can doubtleN'* be heateil with a less quantity of gas, but 
a certain latitude m heating power should be placccl at the dis- 
posal of the cook, for vanous articles of food vary in the Quantity 
of heat required and the penod of time wothm which the heat 
should be delivered and cooking be completed 

In the same way ‘^ingle-top burners should have a capacity of 
10 cu. ft. per hour, wlule double burners should have some 15 to 
18 cu. ft. per hour, the consumption being a matter of optional 
and local regulation The grate should be situated at least 1.5 in 
above the burner, or high enough to prevent the impmgmg of the 
flame-cone upon the bottom of tlic cooking-vessel, becau«e such 
vessels have a tendency to lower the flame temperature, thereby 
preventing complete eombusiion The burners may be kept ad- 
justed bv kecpuig tight the set-screw on the .shutter of the air- 

It is necessary 
free from carbon 

^ ^ . tanccs by a fort- 

mghtlj' wa-sliing m sal-ammoniac. 

Baking. — ^’I'lie burning of bread as wxll as other food maybe 
due to placing it m the o\en too soon after lighting; the oven is 

not tlicn hot enough ■■ ’ ' ’ 

the ihr'ction of the . 

nl .) to the iHo of pa 

depriving the upper _ , . 

sary quota of heat It mav , of course, be caused by defective con- 
struction of the oven, which in 

is extremely unu''ual. Defcctiv 
of the oven-bottom, etc , may 
should be taken that all the dr 

and fr:e from stoppage and that the Uadic produced is of a proper 
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color and forms •nith the air-mixture a jet in the shape of a per- 
fectly symmetrical cone. There is no economy in placing food in 
the oven before it attains the proper heat, which under usual 
conditions is approximately four minutes This period of prepara- 
tion permits the walls and linings of the range to heat up and the 
atmosphere of the range to obtain tlie temperature requisite to 
efficient ser\’icc This is especially necessary with a gas-range, 
because the intense heat is localized immediately beneath the oven, 
usually vithin 3 m. under the bottom of the bread, nhereas, iiith 
the ordinarj’ coal-range, the oven is more or less insulated from 
direct heat, but is heated by the products of combustion, all parts 
equally and practically simultaneously. 

In extreme ca.scs a covered baking-pan with a ventilator may 
be used; this ventilator should remain closed until the bread is 
nearly baked This cover should be removed at from two to three 
minutes before taking the bread from the oven, which period is 
usually sufficient to properly brown it. During this final period 
the heat should be increased to the maximum capacity of the 
burner 

The rule, to preheat the oven, should bo invariable, and it is 
usually best to accomplish this by using the maximum capacity of 
the oven-burner, after which the flames may be somewhat reduced 
until a slow, even heat is secured. As before mentioned, the tem- 
perature IS .again increased to maximum during the “browning" 
period. The temperature necessary in ovens, of course, varies 
directly with the food to be cooked, pastries, etc., requiring intense 
quick heat, while other food requires slow, even temperature. 

Gas-ranges when leaving the factoiy' arc generally regulated 
for the average preissure in the town in which they are to be in- 
stalled. In every town, however, the district or local pressure 
vanes indely. It is occasionally necessaiy to change this rating 
on the part of the range, which is done either by supplying a dif- 
ferent nozzle or tip, these being furnished by the range-makers 
and located in the gas-inlet of the burner Gas-ranges cannot 
be expected to operate efficientlj’ under a greater variation than 
that of 1 8 to 3 5 in , 2 to 2 5 in obtaining the highest efficiency. 
Should the district pressure varj' between greater limits than 
these, a proper governor should be placed either upon the house 
service or directly before entenng the gas-range itself. 

Essentials. — A few of the essentials to be observed in the 
selection of a gas-range by any gas company are: 

1. Removable burners to facilitate cleaning. 

2. Snugly fitting air-shutters, convenient to adjust and fitted 

with set-screws to retain the adjustment. 
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3 Removable lininps for facilitating repairing 

4 Sufficient v eight of callings to prcTCiit breakage in mov- 

ing and mechanical •'trength, such ns unusual strength on 
the part of lunges, brackets, and all castings subject to 
strain 

5. Distnbution of heat in the oven. 

6. Properly set burners, their position being located so as to 

obtain the highest efficiency in combustion 

7. 0\cn-bumers, e\cnly drilled, distributing the flame in 

equal cones and low enough not to impinge the flame 
upon the baffles or heat-distributors over the bottoms 

S. Sufficient flue-openmg to prevent smothering the burners, 
to remove aqueous ^ apors from the oven, and to furnish 
ventilation for steam. 

9. Sufficient air-ports to supply ventilation to the above flues 

10. Linings of sufficient thickness, say not less than 22 or 24 

B & S. gage, so as to prevent rusting out m a reasonable 
length of time 

11. Proper construction of top burner to prevent leakage in 

cemented joints 

The quantity of heat lost by radiation in gas-ranges will aver- 
age 20 to 25 per cent 

Combustion. — The drilled burner has now been almost uni- 
versally adopted. The «izc of dnll-liolcs for an average illuminat- 
ing-gas of 2-in pressure will average for the top burners (single 
burners) ^ m. diameter. For the top burners (double) ^ in , 
except m the case of double top burners with two valves, which 
have drilled iioles of ^ m , even burners having two valves will 
average m diameter liolcs. 

The following excellent description of the inductor or aspirator 
in a gas-burner is given by P A Dcgcner The action of the 
inductor of an atmospheric gas-bumcr depends upon the friction 
of the moving stream of gas which draws in air around it, the 
kinetic energy of the gas giving power to bring the mixture to 
the outlet of the burner The two essential points are: to com- 
bine the velocity and force of the ga«-jet with the largest possible 
surface, and shape the inductive body in such a way that the in- 
com "If • • • 


me ' , t 

its use bv children or ignorant persons. 

It is a matter of ln«toiv that ninety per rent, of the gas-n-uige 
accidents which ha\e occurred ha\c been through a meddling with 
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or improper use of this cock, ■with the result that its service has 


chanical correctness of fittings, and who should then instruct the 
consumer m the use of the appliance. 

As it may occasionally be necessary to set the gas-ranges or gas- 
buming appliance m distncts where the pressure is abnormally low 
or subject to • . . . ^ ... . ^ 

sawed burner * 

uash ’ 

gas-ranges and 

otht pon its calorific 

value, which vanes in the case of coal-gas, straight water-gas, or 
mixed gas The gas should have, however, a value of about 650 
B‘ • ’ • < ’ • • ■ '7 " : 

for 

cai ^ . I 

calorific I'alue) The most satisfactory rehilts from water^ss, 
however, arc obtained from a 22-c.p. gas, with tliis gas, while it is 
possible to adjust aBunscn mixture at 1.5 in. pressure, the most 
satisfactory results obtam under 2 5 m. pressure, the ma.ximum 

ised adj'acent to 
/ sheet asbestos- 

board 

Testing Ranges.— As has been said, under very widely varj’ing 
pressure conditions, or rather under conditions of extreme high or 
low pressure, where local governors may be deemed inadvisable, it 
may sometimes be best to vary the size of the nozzle used on the 
gas-inlet to the Bunsen burners 

These nozzles are bored or drilled according to the B. & S. or 
Morse standard drill gage^, and to test or identify their sizes, which 
run usually between 30 and 45, an internal-diameter gage ii used, 


me largest tuel-supplymg compames ol this country shows about the 
following average* 

The floor test, winch is mode by placing a black-bulb chemical 
thermometer upon the floor immediately beneath the oven and 
just below the center of the range, should show a mean tempera- 
ture of about 120 deg. Fah. in 40 mmutes after lighting. 

It IS neccssarj' that a black-hulb thermometer be used in order 
to prevent the reflection of radiant heat. 
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It h prcsumexl that a pas-ranj^ ox'en of ordinarily good con- 
struction will attain a bakujg licat, mz , about 400 deg i'ah , uith 
650 B.t.u. gas in from 9 to 1 1 minutes (pressure from 1 5 to 2 0 m ). 

The consumption of gas durmg this period of time (i.e , 10 
minutes) varies from 4.5 cu ft. uith air-jacketed, sheet-iron ranges 
to 11 cu, ft. uith “all cast-iron tipe ” 

Verj* few makes of ranges, from a standpoint of efficiency, show 
identical results, those of low efficiencj' being sometimes com- 
pensated to some extent by points of durability, strength, etc. 

- . I 



The oven test is made by perforating the aide of the oven and 
insertmg a TOOKieg Fab. straight-tube thermometer through an 
asbestos saddle The saddle should shield the thermometer from 


should be evenly browned and upper and lower racks should show 
uniform results and identical heat 

Moreover, the center of the oven should show no different results 
from its extreme edges, a test for c\-cn heat throughout the oven 
being best effected by placing smalt pieces of unglazed paper of 
equal size in various portions ^ the o\cn and noting the degree of 
equality mth which they are browned. 
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The floor tonipcrature test should never indicate a higher Jieat 
than 1100 deg Fah., as any increase over this may become danger- 
ous to woodwork. 

A number of companies specify an air-space of not less than 1 
inch in the bottom construction of the oven, and that there be not 
less than 3 inches of dear air-space between the bottom of the 


(see Fig 64) as to permit their being readily interchanged. 



Fio 64-— Asbestos Gas-range Lining. 


quickly, for cake it should turn golden brown when placed upon 
the middle shelf. 

Demonstr.atore should be to, as far as possible, instruct 
consumers in the method of boiling, broiling, etc., within the oven 
instead of upon the upper burners. It is possible, in fact, to exe- 
cute any manner of cooking within the oven which can be done 
upon the top burners, and usually much more efficiently and ivith 
better culu — ■ '* ’ ’ " ' ’ ' 

urge upon 
maintenani 
and the ob ^ 

The range should be washed at least tnice a month nith a still 
brush and aftcnvards by a cloth ndth warm water and a little caustic 
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soda. The casting should be gone over while the parts are still 


ments after reassembling to dissipate any possible dampness and 
prevent rust. 

The whole should then be gone over and carefully oiled with a 
rag containing machine-oil Tins wall prevent rust and is infinitely 
preferable to any form of stove-polish. 

A set of specifications gotten out by one of the leadmg gas 
engineers is herewith appended 

Range Specifications. —The weight of a 16-in range complete 
shall not be less than 150 lbs , that of an 18-m range not less 
than 175 lbs. 

Top Burners . — To consist of three single, one giant, and one 
simmer burner. Giant burner to be the left- 
hand front burner Simmer burner to be lo- 
cated back of the front burners and not inside 
of any of the burners 

To be separable with a good depth of bowl, 
with a well-fitting joint. — construction as shown 
on accompanying drawing preferred Allbum- Fio 64— Gas-ranga 
ers to be so placed that they can be lifted out, Top Burner, 
no bolts to be used 

CarryiTig-tube . — Top burners to be open on the mixer end to 
admit brush for cleaning Mixer to have adjustable shields that 
can be made rigid when required 

Top and Oven Mantles.— To be extra heavy J-in pipe through- 
out 

Gage of Metal . — In the body and Iinmgs of the stove to be No. 
24. 

Body of Stove . — To have dead air-space not less than J in. 
asbestos-lined. 

Pipe-collar . — To take 4-in. pipe, and to be located on rear of 
range top 

Oven Flame-plate — The oven flame-plate and bottom should 
be of not less than 20-gage metal with center braces. (See Fig 
61 ) This flame-plate constructiem is preferred. 

Oven-burners — To be two long drilled burners, open at mixer, 
and to admit brush for cleaning. 

Pilot-light — To be so constructed that it will light both oven- 
burners, and the flame to be visible from the outside of the oven. 

Valves — Ranges to liave needle-x alves having independent 
adjustable apertures with needle-point heads that can be easily 
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moved Avilh fingers for the purpose oJ properly adjusting the gas 
supply. Needle-point heads to be covered by suitable caps 

Gas Supplij to Top Burners — ^To be taken off manifold at back 

■ ‘ to be provided between 

bottom of range and floor. 

Doors.— To be drop pattern balarvced by counterweightj no 
catch or spring to be used. 

Gas Apertures . — To be drilled to allow a consumption by oven- 
burner of 27 cu. ft. each. Single-top burners to be 12 cu ft. 
capacity, giant burners 18 cu. ft., water-heater burners 40 cu. ft., 
measured at a gas pressure ot 1.2 in. 

B. LIGHTING APPLIANCES. 

Mantle Burners. — Incandescent gaslights increase in candl^ 
power m direct ratio with the pressure of the gas flow, and it is 
the experience of the uTiter that they cannot be successfully 
operated under less pressure than 1.8 m. of water. 

There are many makes of these lights, the best of which should 
comply with the following specifications; 

First — That both the ait-inlet and gas-inlet be capable of easy 
and complete regulation 

Second — That the parts be as nearly as possible interchange- 
able 

Third — That the mantles bum with an even light throughout 
their entire service, and be of satisfactory’ longevity, in vhich 
latter respect the aluminura-type mantle seems to take preference 
over those supported by asbestos. 

The gas-apertures in the regulating-valves of these burners are 
exceedingly small and easily clogged. It should therefore be a 
cardinal rule with all gas companies that their workmen should 
carefully examine the condition of the fixtures before installing a 
burner or replacing a mantle, and that this examination should 
reveal a clear, unimpeded flow of gas with full pressure and free- 
dom from obstructions, this latter being caused, as a rule, by con- 
densation in the pipes, meter, or services, and which can generally 
be removed by the sudden admission of compres.sed air from a 
pump to the proper condensing-chamber. 

Candle-power and Heat Value. — In a lecture delivered bc- 
for tlie Institution of Gas Engineers, Prof V. R. Lcve.s gave the 
following table as the average relation between candle-pouer and 
calorific value as determined by a number of tests, but s.atcl that 
the results in any particular case might vary 5 per cent either 
way from these, and e>’en u*ith this qualification c.xception w.'is 
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taken to the fisiires by some gas engineer. They stand, how- 
e%er, as the most definite statement yet published 



As a result of work done in the University of Mi:higan, Messrs 
^NTiite, Russell, and Traver decided that, all other conditions being 
the same, the light gnen per cubic foot of gas. ^vhen consumed in 
incandescent burners, was proportionate to the calorific value of 
the gas, and increased directly at the rate of one candle per each 
additional four calories (or 15 S7 B t u ) 

With these experiments the ordmarj C Welsbach burner, with 
Welsbach mantles, was u««?d. the air and gas adjustment of the 
burner being such as to obtain the maximum of light Prof V. 
D Lewes claims, liowcver. that the efficiency of the gas in an 
incandescent burner depends more upon the flame temperature 
than upon the calorific vaiuc,andcilej> res>ults«f certain experiments, 
showing a duty of from 10 to 20 candles per cubic foot from blue 
water-gas when burned in a certain do'iign of Argand burner 
without any prcadroixture of air 

The mantle itself ne\er attains the theoretical, or ewn the 
actual, temperature of the flame, so for all practical purposes the 
“ ' " ' ' ' ’ , may 

By 

)er of 

heat-units which may be developed from it by complete combus- 
tion. the comparison being per cubic foot The calorific value of 
an elementar)' substance can only he obtained by experiment, but 
that of compoimds is «iraplv calculated bj* an addition of the sum 
of tlie known he.at value of their constituent'! 

Caloric Requirements for Incandescent Lighting. — Man- 
. tics can be made to gi\c their full lighting power with low 
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heat-unit i:as, such as l)lue watcr^as, which runs as low as 290 
B.t.u per cubic foot. With 3‘:0 B.t.u. i)lue gas a first-class 80- 
candle-powcr Welshach burner will give its full lighting power on 
6^ feet of gas 

There is always a peculiarity to be noted in the case of blue 
gases, such as was found with the 80-c-p bunior just cited. The 
ordinary American Wclsbaeh No. 71 burner consumes about 4 
cubic feet of 600 B.t.u. gas to give its full lighting power. This 
same burner, which should tlicoretically burn 7 to S cubic feet 


cointjustiou ot gas tor the direct production ot light are very lull}’ 
set forth in King’s “Treati.se on Co.al-gas,” from w’hich the following 
summarj’ has been taken. “Since the light given by a gas-flame is 
due principally to the raising to incandescence of particles of carbon 
set free by” *' * ‘ the maximum 

amount of e so consumed 

as to sccur ^ eatest possible 

number of carbon particles and the raising of the particles to the 
highest possible temperature These two conditions can only be 
secured by the proper regulation of the amount of air supplied to 
the gas-produemg flame, and of the manner m which the air is 
brought into contact with the gas. The formation of the carbon 
particles being due to decomposition of the hydrocarbon constitu- 
ents of the gas, princip.aUy by effect of heat, anything which tends 
to cause the combustion of these hydrocarbons before they are 
sufficicntlv heated to be decomposed reduces the amount of light 
given by the flame by reducing the nuniiier of carbon particles 
present in it. And since the amount of liaht produced by any 

temperature 

• it. 

"Any admixture or intermingling of .air and gas reduces the 


flame Any over-draugJit by which an excess of air is brought into 
contact with the flame so as to be heated by it reduces the illumi- 
nating power by cooling the flame. To secure the ma.ximum 
amount of light from the gas, it is therefore necessary that the air 
should be brought into contact with the gas in just the proper 
amount required for its complete combustion, and in such a way 
that the contact takes place only on the surface of the flame. With 
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flat flames the ^reat cause of intermingling of air and gas and of 
excess rush of air against the sutfacc of the flame is a high velocity 
of exit of the gas from the burner-tip mto the atmosphere. The 
’ ' ’ ' .... which the gas 

re essential that the 
burner this pressure 
ith flat-flame burners 

a certain amount of pressure is necessary to develop the flame to 
its proper shape, this being especially the case wih union ]et (fish- 
tail) burners. 


of a low pre«*ure at the bumcr-iip the improved forms of flat*flame 
burners are pronded either wnth some forms of governor, which 
maintains the pressure at the tip constantly at the proper point, no 
matter how much the pressure on the pipmg increases, or else mth 
a ‘cheek,’ which is usually a metal, steatite, or lava disk inserted m 
the burner pillar so as to cut off any flon of gas to the tip except 
• ’ . . • -1 -■ < .1 . .f.. . . . « than that of 

■ the opening 
. . . ing ivith the 

pressure at winch the burner is designed to be used, that is, the 
higher the pressure the smaller the hole m the check for same-sized 
tip. 

“To produce a ste.ady, even flow of gas without any swirling 
motion, some burners have placed betH’cen the check and the tip 
' ’ breaks up any currents and ren- 

ougliout the nhole area of the 
upon the steadying action pro- 
duced by the large area of the burner pillar above the check as 
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out inside to conform with its shape outside. The effect of extra 


-bottom silt ims eiieci la 
avoided, as the gas issues in a direction along which it is free to 
travel iMthout being turned aside, and the ffame is thus kept of 
more even thickness throughout. 

"In Snugg’s table-top burners the effect of the upward rush of 
air in mcrcasmg the thickness of the lower edges of the flame is still 
further guarded agamst by forming a circular ‘table’ immediately 
under the top of the tip, the projection of which deflects the cur- 
rents of air and prevents them from rising vertically against the 
flame ” 

C INDUSTRIAL APPLIANCES. 

Operation.— For gas-fumaccs and industrial appliances the 
air pressure should have a minimum of one pound and a maximum 
of two. The exact air pressure, of course, depends upon the ther- 
mal ciuality of the gas, it being necessary to obtain the exact 
ratio between the two for complete combustion. 

Flashing back in all forms of Bunsen burners is caused by the 
flame traveling back through the burner to the issuing gas-jet and 
may be due to insufficient velocity of exit at the burner-head of 
the gas-air mixture, to a too highly heated burner-head, to the exit 
orifices of the burner-head being too small, to the mbcing-tube 
being too hot, etc.; it may be overcome by increase of gas pres- 
sure or the removal of the mixer to a further distance from the 
heat area It is sometimes caused by the faulty design of the 
burner, but in practice more often by the clogging of the burner 
or air-hole strainer, thereby reducing the gas velocity, as before 
mentioned. It is occasionally remedied by the inten-ention of one 
or more v,ire screens between the head of the burner and the air- 
intakc. This acts on the principle of the Da\y lamp, reducing the 
temperature of the gas to below tlie combustion-iiomt. An_ angle 
bend or deflection m the pipe intci^’cnmg between the air-mixture 
and burner outlet tends to present flashing back, which fact is 
utilized in the construction of the Martin incandescent burner. 

A test made by the Troj' LaundQ- Jlachine Co. shows a saving 
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of one-half of the gas consumed by admission of air to Bunsen 
burners under pressure, as apamst the use of atmospheric burners 
The minimum pressure of gas for gas-arcs should never be less 
than 2 in , 3 in. being good a\erage The maximum of low-pres- 
sure efficiency is usually obtamed at about 4 5 in., but under lugh- 
pressure conditions the re.sult obtamed at one pound per sq. in. 
pressure practically double-^ the cfficienc 5 ' of the appliance. 

Wiere air is admitted to B-in'en burners under considerable 
pressure and the gas and air are brought together at the burner, 
there is a chance, due usually to some stoppage m the burner, of 
the air backing up into the meter an<l forming there an explosive 
mixture To prevent this, it is a safeguard to place a free-swing- 
ing check-vahe on installations of this kind between the burner 
and the meter 

The writer’s tests of efficiency of burners under stereotyping 
crucibles and linotype machines varj' between GO and 70 per cent. 
The complete combustion, of course, depends upon the chemical 
constituents of the gas, it will run, however, between two and 
three times the ga.s volume m general practice 

The Bunsen mixture or complete combustion of gas through 
the prcadmiMng of air is best observed by its gradation in color. 
The pure gas bums a yellow flame, the prcadmixturc of air is 
indicated by a blue cone, an increase of air showing green, 
which in excess shades down almost to the white of an alcohol 
flame, 1 ’ 
stoppin . 

The 

ture obtamed from a Bun-en flame to be 1930® to 2000® C. 

Consumption. — The consumption of burners used m various 
industrial furnaces and processes has been found to be as follows. 


AppliancfS 

ConKumution 

Cu It p«r\r 

Applitmcci 

Con.LrmUon. 
Cu Ft per X r 

Rl'Pt-hcatera 

300,000 

Rrazicrs 

75,000 

Meat-brft'i<linz machine 

150,000 

Caklron heaters . 

120,000 

Hotel ranse 

300,000 

Poldcnns fumaces. . 

40,000 

Tinninz bath 

300,000 

Oas-ate Liwra 

24,000 

LtnotjTx? niaehino 

.50^)00 

Tailor-iron heaters 

404)00 

Gas forces 

3004)00 

Laundrv irons 

IR.OOO 

Gas haVery ovens 

2004X10 

Gas maa;;lers 

50.000 

Gas steam-tallies 

2004KK) 

Glue rots 


T.namelme mens 


Vfater-shfts 


Confectioners’ pas- 


Gas broilers 



120,000 

Tnculiators . 


Popcorn poppers and 


Gas-eneine* per actual 


peanut roasters 

50.000 

siorbinghp 

60,000 
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Gas-engines.— In order to find the size of meter required for ; 
gas-engine, multiply the brake horse-power by 3.4 -1-5 for the num 
ber of lights of meter. 

Exhauu-pipc — From 1 to 5 horse-power requires a 1-in. t( 
l|-m. pipe, above that size the diameter of the pipe should equa 
0=0.528 hp®®'^, or about 0 528Xthe square root of the horse 
power The heat of the exhaust-pipe is great and likely to bun 
wood if too near Bends of 6 in diam. or more should be used anc 
no elbows or T’s allowed. Turn the outlet of the pipe to lool 
downward. To prevent excessive noise, the pipe can be carried 
into a drain-pit and surrounded with stones covered over wit! 
straw. 

Coohng-uiater , — About 5 gallons of water per horse-power per 
hour will be required for the cylinder if the water be taken direcl 
from the mam. If hard water is used, a handful of washmg-soda 
should be used in the tank every month. 

CircuUiUng4ank — About 20 or 30 gallons per h.p. of cooling- 
water with pipes from I to 3 in diam. are necessary. The return- 
pipe IS usually a little larger than the flow, with a rise of at least 
2 m. per foot leading to the tank at the normal water-level. 


PART III. 


GENERAL TECHNICAL LATA. 


CHAPTER XIX. 

PROPERTIES OF OASES. 

A, Composition E Calorific Value. 

B. Volume. F. Temperatures. 

C, Specific Gravity. G. Heat Data. 

D. Specific Heat. 

A COilPOSITION OF GASES. 

Various Gases. — The following table is gi\en by Bates as the 
average percentage constitution of the gn'^ namwf 


AVCK\GC fOMPCwmON OF GAS <PER CENT) 


Ga<<» 

COj 

O 

CO 

H 

C,tl, 

CII< 

Tl 

Flue ga.") (bituminous 

0 61 

8 £5 

0 00 

81.80 

0 00 

0 00 


lloflman cokp-o\cn gas. 

1 Jl 

0 43 

G 4t 

0 00 

2 04 

3G 31 


1’rcHliicor-g'X‘i (bitumi- 

nous coal) 

2 05 

0 30 

27 00 

55 30 

0 40 



Produccr-gas (anthracito 
coal) .. 

2 50 

0 30 

27 00 

.57 00 

0 00 

1.20 

12 00 

V>ater-gas 

I 00 

0 .50 

45 or 

2 00 

0 00 

3 M 


Natural ga^ ... 

(1 It) 

0 MI 

0 G(' 

a 00 

1 00 

72 00 


Coal-gas .... 

0 30 

0 40 

0 to 


4 30 

30.50 

48 10 





The above figures are given os an overage of those which ordi- 
narily obtain in the best practice. Local conditions and rct^uire- 
mentis probably will, of course, vary these figures in individuol 
instances 

Properties. — Another authority compiles the following char- 
acteristics of gases usually met with in metallurgical calculations. 


Carbonic acid or carbon dioxide. 


CO. 

73 7% 0,27.39oC 
1 529 
.116 
8 62 

Non-cumbustible 

Non-combustible 

1.23 


ILLUMINANTS OB HEAVY KYDBOCAnBONS. 


Formula . 

Composition by weight 


90% CH, 

85.7% 0,14.3% H 


kstcr. 
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OXYGEN 


Formula . . 

Composition by neight 
Density or specific pra\ ity, air= 1 
Lbs per cubic foot 
Cubic feet per lb 

Cubic feet air neeessarj- to consume 1 cu ft 
B t u per cubic foot 

Solubility Vols absorbed in 1 vol water 


11 01 

Non-combustiblo 

Non-combustiblo 


C.iRBO\IC OXIDE OR CARBON MONOXIDE. 

Formula . CO 

" ■ ’ . 42 9% C, 57.1% 0 

9G7 
073 
13 57 
2 39 

B t u per cubic foot 341 

Solubility VoU absorbed in 1 >ol water 023 


HYDROGEN 


Formula . H 

100% H 
0G9 
006 
189 23 
2 30 

B t u per cubic foot . 345 

Solubility VoU absorbed in I sol water ... . 019 


METHANE OR MARSH GAS 


Formula . CII, 

' • 75% C, 25% n 

550 
0422 
23 72 
. 9 50 

1005 

035 


NITROOEa^ 


Formula 

Composition by weiglit 
Density or specific pra\ ity. oir= I 
l.bs per cubic Tool 
Cubic feet per lb 

Cubic feet of air neccs<ir> to consume 1 cu ft 
B t u per cubic foot 

t'olubility VoU. absorbed in 1 \ol water. . . 


Non-eombustible 

Non^ombustible 

.015 
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ACETYLENE. 


Formula . 

Composition by weight . 

Density or specific gra\ity, air=l 

■ cu ft 
• atcr.. . 


. 93.3% C, 7.7% H 
918 
0G9 
. 14 32 
11.91 
.1600 
. 1.11 


AIll. 


Formula 


11 1 u per cubic toot 

Solubility \’ols absorbed m 1 vol. water. 


Mixture 0 and N 
77% N, 23% O 
1 COO 
,076 
13 15 

Non-combustibJc 

Non-combustible 

.017 


SPECIFIC GRAVITV, WCIOIIT. AND SOLUBILITY IN WATER OF VARIOUS 
GASES AT 60° PAIIR AND 80 IN BAROMETER 


N.m, 


Weight of 
aCu Ft 

10 ^Quoda 

Weight of 
aCu Ft 
mQtaiu 

Number 
of Lu 1 1 
Lnuil to 
lib 

Solubility , 
lOO \ol4 of 
Water , 
Absorbed 

Hydrogen 

Light carburetied hydrogen 
Ammonia 

Carbonic oxide 

Olefiant gas 

Nitrogen 

Air 

Nitric oxide 

Oxygen 

bulpnureted liy.iriigeu 
Nitrous oxide 

Carbonic acid 

Sulphurous acid. 

Chlorine . 

Bisulphide of carbon 

0 0091 

0 5»9 

0 390 

0 967 

0 96S 

0 9713 

1 000 

1 039 

1 1056 

1 1747 

1 527 

1 529 

2 247 

2 470 

2 640 

0 00520997 
0 0423753 

0 0I525J 

0 0741639 

0 0742456 

0 07449871 
0 0767 

0 0796913 

0 OS4709C2 
0 09009943 
0 1171209 

0 1172743 

0 1723449 

0 189449 

0 202488 

37 09 
300 12 
die 77 
SI9.18 

519 71 
521 49 
SJO 90 
557 83 

59, J 69 
6d0 69 
819 84 

520 92 
1206 41 
1325.14 
1417 41 

188 68 
23 32 
23 09 
13.48 
13 46 
13.42 
13 03 
12 54 
11.79 
11.09 

8 53 
8.52 
5.80 

6 27 

1 93 voli 
391 *■ 

72.720 

243 •• 

16 15 '■ 
148 

170 • 
Not soluble 

2 09 vole 
323 26 •• 

77 78 

100 20 • 
427660 •• 

2J6M^;‘ 

Not soluble 
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B VOLEME OF GASES. 

Expansion of Qascs. — According to Professor Lineham, “two 
laws govern the varying volume of a gas, according to wlicther 
temperature or pressure be kept constant The finst la^\ of gas 
expansion, discovered bj Bo>le m 1C62 and verified by Xlarnotte in 
1670, states that the volume of a given portion of gas vanes m- 
vcr«e!v as its pressure it the temperature be constant Shown by 
symbols, 

l’vane-»a.s^ and Pr=a constant. 

The relation of P and 1' is shown by diagram in Fig fiG, the 
ordinates PP' of the curve rcprc-'Cnting pressure and the ab- 
sciss® FV' corresponding volumes, a temperature being main- 



V41VI>(9 {}' 

Fio GC — Relation of Volume to Pressure. 


tamed. Onh onecune. thercct.mgularhyjierbola, lja.sordinatoX 
abscissa constant throughout, and that is the form of the curve 
AB Although always* approaciung the co-ordinates OC, OD, jt 
only meets them at infinity 

IsotheriTials. — bv reason of equality of temperature, AB is 
al'O known a-* the i&otlicrmal of a fieffcct gas, that is, of a gas fof- 
lowing Bojle’s law jwrfectly .Maniotte’s tubes, Fig. G7, prove 
fiurlv well the accuracy of thi-. law A and B are strong glass 
tubes, A being scaled at top, level with mark 10, and C a stout 
though flexible rubber tube Taking the first position, mcrcurv 
IS poured into the funnel D until about level with 0, and a final 
adjustment made by moving li up ami down. A i»ortion of air 
imprisoned in the leg A. supports a pressure of one atmosphere' 
D being open, and has the volume of 10 in. ’ 

Raise B until the rocrcun reaches and the fluid in .1 will 
have risen to 5" The ififlercncc of mcrcurv levels is now :i0 in 
representing an additional pressure of one atmosphere; so the air 
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now supports two atmospheres and has a volume of 5 in., or 
py.V IS constant. Intermediate experiments can easily be ob- 
tained and the law more generally proved. The so-called per- 
manent gases are practically perfect, and others fairly so, if meas- 
ured at a much higher temperature than that of liquefaction. 

The second law of gas expansion was discovered by Charles in 



Fro fi? — Apparatus Illustrating Fia GS. — Relation of Volume to 
lioylc’s Law 1'emperoture, 


17S7, publidied hv Dalton m 1801, and by Gay-Lussac in 1802, all 
independently The last-named completely verified the law, 
which states that the increase in volume of a given portion of gas 
varies directh as the increasing temperature, if the pressure be 
constant; or. if T be original volume. Ti the increase, Vs the total 
volume after incrcu'e, and t° the ri-e in temperature, 

I'l varies as and I'l 


.= VaP, 
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a being tlie cocfTieicnl of cubical expansion V and a are constant 
and 1 ° the onlj* variable; hence 

+ +(1 ^ (1 +ni°). 

The coefficients of linear expansion for solids vary with the 
substance, as do also their cubical coefficients (being three times 
the linear ones), but all ga-ses not onh- expand regularly, but each 
to the same amount, increase of temperature being equal, one 
coefficient ser%’ing for all Between 32® and 212° the total expan- 
sion is O.SGfiSV or ^-^^=0 00204 for each degree; figures found 
by Gay-Lussac, expanding the air in an air-thermometcr, the bulb 
dipping m heated water, whose temperature was taken by mercurj-- 
thermomoter 

Absolute Zero of Temperature. — Let AB, Fig OS, be an air- 
thennometer w ith an air-tight piston C, and the x olume AC be 
called 1, tlie temperature being 32° Set off ordinate CD for vol- 
ume at 32°, and FE for (hat of 212° The latter will be 1 3665, 
and the gradual volumetric increase be shown by the straight lino 
DE Supposing the law true for extreme limits, line DA (n pro- 
duction of DE) will mark out the volume as wc decrease the tem- 
perature, ultimately meeting AB m A Then at A the volume 
will have decreased to nothing, and all the heat will have been 
taken out of the air Though these possibilities are absurd, their 


similar triangles. 


^^DG 
CD (JE 


and 


,__Z>GXCZ>_1S0X1 ^ 


then 

A’s reading=492°— 32°=460°belo'w zero F 

Any ordinary temperature F ma 3 ', then, be made absolute by 
adding 460, and while (° indicated Fahrenheit readings, r will show 
absolute readings 

Note that Fig 6S is a graphic statement of Charles’ law, AE 
being an isopicstic or line of constant pressure, and AB a line of 
constant temperature 

Combination of Do>le’s and Charles* Laws. — FTis invari- 
able for any particular position on the thermometric scale; but 
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if t° be raided, the value of PV will be raised also. In Fig. 6S, if 
P be kept constant, v will vary as *; so if F increa-ics at the same 
rate as /, any series of multiples of V will similarly increase; and 
as P would be such a multiplier in Fig. CS, then 

PF varies as t and PV=ct, 

which is strictly general, c being a coefficient depending on the gas. 

Taking one pound of air at a temperature of 32°, and at atmos- 
pheric pressure, reckoning in lbs. per sq. ,ft. and in cubic feet, 
Regnault found by experiment that 

'’fi 214 

PF=26,214«rt, then =53.28. 

32+4o0 

For superheated steam c=83.5. 

The above formula gives P or F at any temperature, when c is 
known 

Three States of Alatter. — These, the solid, liquid, and gaseous, 
are well understood, and it is also now admitted that all bodies 
are capable of existence in each case successively, though not 
necessarily at the normal pressure and temperature. Taking one 
pound of any substance and applying the specific heat due to its 
state, its temperature rises one degree, and as the specific lieat is 
approximately regular for each state, practically the whole heat 
is registered on the thermometer. But in all substances two crit- 
ical points occur, called the points of fusion and evaporation, and 
known respectively in of water as the ' freezing- and boiling- 
points’, .it those points additional heat is absorbed merely to do 
the work of rearranging the molecules, of fusing or melting on the 
one hand and of evaporating on the other hand Such ‘ latent ’ 
heat is not obsenmble on the thermometer and must, therefore, 
be otherwise detected.” 


SOMC OF THE MORE COMMO.V GASES 


Gw 

Sym- 

bol 

Molee- 

ular 

Weigbl 

Gay 

Sym- 

bol 

Molec- 

ular 

Weieht 

Ammonia 

Atmo«phenc air 
lirnmmr 

Chlorine . 

Carbonic o-txle 

Carbonic anhjiinde 

llyi^osrrn 

llydrogen chloride . . 
MelhaneV .11..! . . 

Nil} 

nri” 

cd 

COj 

HCl 

Clh 

He 

17 

ieo ' 

71 

2S 

44 

2S 

2 

36 S 
2M 

16 

200 

Nilrosen . . 

Nilroua <rude . 

Nilraua BDbYdnile 
Nitncperciyide ... 

OaTnen .. !." 

fiulphuret^ hydroeeD... 

Kulphuroua annydnde 

Sulphur. 

«a«er 

N() 

■ftS 

T- 

sitC 

if7o 

2S 

30 

78 

48 

02 

32 

34 

0-1 

18 
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The following tables will be useful in calculating the flow of 
gases m pipes by Pole’s formula given in the cJiapter upon mains. 


SQUARE ROOT OP PRESSURE 
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C. SPEanC GRAVITY. 

Specific Gravity Determination. — The relative weight of 
gases often determines the character of their constituents, whether 
they contain much or little hea\y h\drocarbons or tlie proportion 
of hydrogen Specific gravity is also one of the factors that deter- 
mine the rate of flow throu^ pipes and occur in Pole’s formula. 
When we say the specific gra\ it} of simple coal-gas is 0 4, w e mean 


o 



Fio GO ^Apparatu? for Bunsen’s Fio 70 — ^tVooden Slcrcury Trough for 

Effu'ion Test of the Specific Effusion Test. 

Craiity of Gas 

th.at it is 0.4 as heavy as the same volume of air under like con- 
ditions. The gas balances of Lctheby and Dr. P. Lux weigh the 
gas directly and tlius determine its gratity, but the precautions 
and correctior'- «■ — — ♦ — . 

apparatus de\ 
accurate as w 
the velocity i 
upon their sp 
of two gases 
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required for equal volumes under like conditions to pass through 
the same minute orifice. The apparatus is here^ ith illustrated and 
is in two parts, the glass tube for the gas and the stand for the 
mercury seal, Figs 69 and 70, as shown by J. A. Butterfield m his 
work on the Chemistry of Gas Manufacture. A thick-walled glass 
tube has one end ’ 
pierced at its ceni 
by a gas-tight gn . 

temal diameter, provided with a stop-cock C and an internal flcat 
D. On the tube a le\’el line K is scribed, and two sets of double 
Imes tV m. apart on the float Mercury is then poured into the 
top receptacle of the stand, filling the stem and top up to a line 


tube with gas which has been dried by drawing through calcium 
chloride, insert the open end of the tube into the mcrcur>--bath 
and into the stem of the stand until the mark K coincides ^ith 
the surface of the mercurj- The float, wliich has been inserted 
into the tube previously, will float upon the mercury, filling the 
lower portion of the tube, and nse gradually as the pressure expels 
the gas through the opened stop-cock antf the small aperture in 
the platinum-foil diaphragm For more accurate obsonr’ation a 
telescope is placed at some distance on a level with the mercury, 
and as the float appears above the surface of the mercury the 
appearance of the black scribe lines is watched for, the first one 
being a warning, and as the second one gets level with the surface 
of the mercury a stop-watch is started, when the second of the 
second set of double lines is seen, the watch is stopped and the 
time elapsed noted. Dried air is then tested m the same manner. 
If the gas required I minutes and the air fi minutes and the density 
of air be taken as 1, we would then have the proportion 

Sp gr gas ^ 

1 

from which the specific gravity can be found with sufficient accu- 
racy for ordinarj’ industrial purposes. Several obscivations should 
be made of ea ’ ' . i .i . , . ’ • 

SchilVmg’ . . ' » . Vic 

Bunsen type a 

ga-s. It is known as the Schilling cfTusion test, using the apparatus 
showm in Fig. 71. The outer vessel contains water in which 
is immersed the inner glass tube, weighted at its lower end to 
keep it immersed and provided at its upper end with two tube-i, 
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or.e to the left with a vahc and the upright one having a 3-way 
valve with scale having the positions “vent,” “off,” and “on” 
marked upon it. The tube also has two scribe marks encircling 
it. The vertical tube is terminated by a plati- 
num-fovl disk perforated by a minute hole. 

The tube is first raised, air enters through the 
“ vent ” position of the cock, which is then 
turned to “ off”, the tube placed on the bottom 
and the cock turned to “ on,” tlie air thus being 
forced through the perforation in the platinum 
foil by the head of water outside \V'hen the 
water-level inside rises to the lower scribe mark 
a stop-watch IS started, and stopped imme- 


onds noted as before f>ince the velocity of 
gas passing through such an orifice is propor- 
tional to the sciuare root of the density, the 
densities vary as the squares of the times 
required for the same volume to pass under 
like conditions, or, if the gas requir^ tg or 120 
seconds and the air u or ISO seconds, 

_ » . 1^0 71 — Scblling’a 

Sp. gr gaa tl80)- _- ^ Effusion Test. 

Sp gr,air=l“r*^“(l20)* 

E ” ' ' ’ ’ . • • • . jjjg 

same and 

valve . 72, 

is terminated by a tube surmounted by a email gas-bumcr and 
containing a sensitive thermometer. The lower end is attached 
to a gas-jet and gas allowed to flow through until all the air is 
expelled, when the cock is closed and the upper cock an instant 
later. The thermometer is then read and the globe weighed 
complete in a sensitive balance m a dry atmosphere. Previously 
it had been weighed when filled with air and the weight of air 
contained corrected to 60 deg F. and 30 m barometric pressure; 
suppose it to base been 31 grmns Suppose the temperature of 
the gas to have been found to be 56 deg. F., the Larometric 
pressure 30 3 in , and its weight, over the weight when holding 
a vacuum, found to be J5 grains The correction for tempera- 
ture and pressure is 0 9S, making the corrected weight of the gas 
14 7 at 60 deg. and 30 m. Then 14.7-7-31=0.47, the specific 
gravity desired. 
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The volume of this globe can be readily calculated when once 
the - • • ' I • ' • , . . . • . ft. 

of ir 100 

ains, 
‘ure, 

making the weight of 100 cu. in. to be 30.81— 
0.336= 30.474 grains. Suppose the given globe 
was found to contain 30.964 grains of air at 
GO deg and 30 in.; divide this by 30.474 and 
the resultant volume of the globe will be 100 5 
cu. in. As found in the test the globe con- 
tained ISgrains of gas; then (15X100)-j* 100.5= 
14 02 grains wilf be the weight of gas it con- 
tained for 100 cu. in. capacity. 

Grcville Williams described a method for 
determining the specific gravity of gas in the 
Transactions of the Gas Institute for 1882. 
He dries the gas and air before testing, although 
this is not essential for the method. Holanccs 
used in specific gravity determinations must be 
of c.xtrcme accuracy, weighing to one-tenth mil- 
ligram when the globe need not bo o\er 400 
c-c. capacity. The globe is not exhausted and 
temperature and barometer corrections arc 
avoided by selecting a day when tlie barometer 
is steady and keeping tlie gas and air at the 
Fio 72. — ’Lctheby same temperature by means of a gas-sto\c 
Clo^ for Weigh- The air must first be freed from COg and 
mg asca moisture by passing through KOH, tlicn HsSO^, 

then 6od.i-limc and calcium chloride. The air 
is drawn through the globe until all trace of other gases is 
rcmo\ed, indicated by the globe remaining constant in weight, 
the cocks arc closed, the globe carefully wiped with dean 
chamois leather and hung bj- platinum wire to the balance- 
arm, balanced, and the weight noted, after hanging 5 minutes the 
weight is noted again The gas is then p.asscd through the globe 
for an hour, after first being dried by tubes of calcium chloride, 
the cocks clo^ied, the one on (he supply-pipe end first, and the 
globe again weiglicd. Gas may be thus weiglied continuously, as 
long as the barometer and thermometer remain constant. Some 
tests on hydrogen showed a doiation of 0 0014 from its theorot- 
i:al gravity of 0.0093. Bunsen obtained a value of 0.079, or an 
error of 0.01, by this method. 

The specific gravity can now be calculated by this formula: 
Vn,-P 
Vn, ' 



D> 
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where 1’= capacity of globe In cubic centimeters, 

P= difference between the w eights of globe with air and with 
gas, grammes, 

n = i\cight of 1 c.c of air at T deg C , 

/> = «pocific gravity by experiment 

The advantage is, of course, the domg away iMth producing a 
vacuum in the globe 

Dr Lux in^ented a balance iihich goes by his name and is 
shown in Fig 73 The globe is at one end of a balance-arm, the 



gas connections dipping into mercury, and the specific gravity is 
read directly on the scale at the other end, uncorrcctcd for atmos- 
pheric conditions Thus air will be 1 on the scale, liydrogen at 
0 07, etc The corrections to be made arc for presaurc and tem- 
perature For Cl cry millimeter at which the barometer stands 
above or below 7G() mm there is addwl or deducted 0 0007 from 
the reading on the scale For every degree C. at which the ther- 
mometer IS above or below 15 deg C deduct or add 0 002 to the 
scale reading The apparatus requires very careful adjustment, 


distilled water at CO deg or 39 I deg. F , weigh again, dry wdth 
alcohol, fill to the mark on the neck with the spirit or oil to be 
te«tc<l (at GO deg. or 39 1 deg ), weigh again Then the weight of 
oil divided by the weight of the water will equal the specific grav- 
ity. The coefTicicnt of expansion of petroleum oils is about 0 (X)36 
per deg. F. or 0.00G5 per deg. C. To find the weight of a cubic 
foot of oil, multiply Its specific graiiity by 62 425, the weight of a 
cubic foot of water. Oils arc usually tested in degree^ BaumG, 
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the following table therefore being useful in converting Baumij 
degrees into specific gravity. 


CONVERSION OF HYDROMETER DEQRECS INTO SPECIFIC GRAVITY. 


Baum^ 

Specific 

Water 

Pouadi per 
GallOD 

Baumfi 

Specific 
Gravity. 
Water -1 

Poiyida per 

10 

1 0000 

8 33 

49 

0 7821 

6 52 

11 

9929 

8 27 

50 

.7777 

6 48 

12 

9859 

8 21 

51 

.7734 

6 44 

13 

9700 

8 16 

52 

.7692 

6 41 

14 

9722 

8 10 


.7650 

6 37 

15 

.9055 

8 04 


.7603 

6.34 

16 

95S9 

7 99 

55 

.7567 

6.30 

17 

9523 

7 93 

50 

.7526 

6.27 

18 

9459 

7 88 

57 

.7480 

6.24 

19 

0305 

7 83 

58 

.7446 

6.20 

20 

9333 

7 78 

69 

.7407 

6.17 

21 

9271 

7 72 

00 

.7368 

6.14 

22 

9210 

7 07 

01 

.7320 

C.ll 

23 

9150 

7 C2 

62 

.7290 

6.07 

24 

9090 

7 57 

63 

7253 

6.04 

25 

9032 

7 53 

64 

7210 

6 01 

20 

8974 

7 48 

C5 

.7170 

5 98 

27 

8917 

7 43 

06 

7142 

5 05 

28 

8SC0 

7 38 

67 

7106 

5 02 


8805 

7 34 

68 

.7070 

5 £9 

20 

8750 

7 29 

69 

.7035 

5 80 

31 

8005 

7 21 

70 

7000 

5.83 


8G41 

7 20 

71 

.0900 

5.80 

33 

85SS 

7 15 

72 

.0950 

5.78 

34 

8530 

7 11 


0923 

5.75 

35 

84S4 

7 07 

74 

.6889 

5.72 


8433 

7 03 


.6829 

5 69 

37 

8383 

0 93 



5.06 

3S 

8333 

C 04 


0789 

5.63 

3!) 

8284 

0 90 


0756 

5 60 

40 

8235 

c sc 



5.58 

41 

8187 

6 82 

80 

.6066 

5 55 

42 

8139 

6 78 



5 52 

43 

8092 

6 74 



6 50 

44 

8045 

G 70 

83 

6583 

5 48 

45 

8000 

6 G6 


.0547 

5 45 

4G 

7954 

C 63 


0511 

5.42 


7009 

6 69 



6 30 

48 

.7805 

6.65 

95 

.0222 

5 18 
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D SrECTFIC HEAT. 

Specific Heat Defined. — This term denotes the amount of heat, 
expro««ed m heat-units, which is required to raise by 1° the tem- 
perature of unit e eight of a substance. Since a heat-unit is the 
amount of heat required to raise by 1° the temperature of unit 
weight of water, the specific heat of a substance is the ratio between 
the amount of heat needed to raise by 1® the temperature of unit 
weight of the substance and the amount of heat requited to raise 
by 1® the temperature of unit weight of water. If the unit of 

isurcd 
thcr- 
d the 

temperature ii measured in centigr-adc degrees, the specific heat is 
expressed m calories It is expressed by the same number in each 
case More heat is required to raise the temperature of unit 
weight of water a given amount than is ncc<led to rai«e by the 
same amount the temperature of unit weight of any other sub- 
stance, with the exception of hydrogen, therefore, with this excep- 
tion, the specific heats of all substances are less than 1 

The amount of heat required to raise by 1® the temperature of 
a body which is free to e.xpand. or, as it is said, is kept under 
constant pressure, w not the same as the amount required to pro- 
duce the same change m temperature in the body if it is kept at 
a constant volume For cver>' substance there are, therefore, two 
values for the specific heat, one for constant pressure and one for 
constant volume There is also what is termed specific heat by 
volume, which is the amount of heat, expressed m heat-units, 
required to rai^'C by 1® the temperature of unit volume of a sub- 
stance But when the term “specific heat” is used without any 
qualification, as in the statement “the specific heat of nitrogen is 
0 244,” it refers to specific beat by weight and at constant pres- 
sure. 

The relative illuminating value of the different hydrocarbons 
contained m w ater^as lias been stated as lollows when the gas is 
tested in a burner consuming it at 5 cu ft. per hour: 


Benzene. 

Celfa 

3490 

Ethane . . 

. CjHg 

35 0 

Dthylcwc 

.. CUH* 

685 

Methane 

CH* 

5X) 
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CALCULATING MEAN SPECIFIC HEAT IN A GAS. 


CoDBtituent 

Per Cent bj 
Volume 

Veight ol 

Weight of 
Constituent 
In Pounds 

Specific 

llests. 

Sp If X 
Wt XVol 

Authority 
for Value of 
Sp JI. 

Benzol 

1 00 

0 20640 

0 20C40 

1 187 

0.2450 

WuUner. 

C,H, 

3 75 

0 07410 

0.27787 

1 245 

0 3460 


CO 

8 04 

0 7407 

0.59552 

1.403 

0 8355 


H .. 

47 04 

0 00530 

0 24931 

1 396 

0.3580 

Regnault. 

CH. 

30 02 

0 04234 

1 52508 

I 319 

2 0115 

Jlasson. 

co= . 

1 60 

0 11637 

0 18619 

1 300 

0.2420 

“ 

0 

0 39 

0 0S463 

0 03300 

1 405 

0 0464 

Regnault. 

N . 

2 15 

0 07429 

0 1C046 

1 405 

0.2255 


100 00 


3 22383 


4.8099 







~ value of the mean specific heat for the above gas. 
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srCCIFlC 1!E\TS AT COVSTAVT rRr,«<iT.r. 

Air . . 
blTTKO 
Hydrogen 
Nitrogen 

Carbon dio^ido, COi 
Carbon monoxide, CO. . 

Olefiant gas (ethjlenel, Cjll, 

Jlarsh gas (methane), CIl, 

IMast-fumaee gas 
(Chimney g^ses from boilers 
Steam, eupetheated 

t OLUMETItlC" SPECIFIC III’ ATS 


0 rr:', 

i’l*', 

3 Vff, 
« I'l;, 
<• 

0 2irj 
0 VU't 

h .Vr'j 

IW; 

0 iV)', 


Acetic acid 
Alcohol (sp gr 703) 
Alummium 
Antim ny, cast 
Arsenic 
Beasn ax. . . 

beaxitiQ. 

Birch . 

Bismuth 
Bra.ss . 

Brick, eonunon 
Bnck, fire 
Cadmium . 

Chalk, uhite 

Charcoal, animal, calcined 
Charcoal, nood 
Clay, w hite, burned . 
Deal . 

Cobalt. . 

Copper 
Diamond 
Ether 
Glass . . 

Gold 

Graphite. . 

Ice. ... 
lodmc. . . 

Iron, cast . . , . . 

Iron, \\rought 


®CS' 


l«at 


Q 6589 
0 C23 
0 2U3 
0 05077 
0 08U 
0 45 
0 3952 
0 48 
0 03081 
0 09391 
0 2 
0 22 
0 05CC9 
0 21485 
0 2C085 
0 21111 
0 185 
0 2777 
0 10696 
0 09215 
0 14CS7 
O 5207 
0 1976S 
0 03244 
0 20187 
0 504 
0 05412 
0 12983 
0 11379 


Suhsisnce 


Lead 

Lime, burned 
Lithium 
Magnesium 
Manganc'« . 
Marble, sihile. 
Mercury 
Nickel . 

Oil, olive 

Oil, sweet 

Oil of turpentine 

Palladium 

Phosphorus 

Pine 

Platinum 

Potassium 

Selenium 

Silicon, crystallised . 
Silicon, fused . 

Sliver . 

Sodium 
Spcimacett . 

Steel 


'Kf* 

0 031 1 
I) 217 

0 om 

0 21lf'i 

0 1217 
0 2158.', 
0 03332 
0 IOSIkI 
0 30'« 
0 31 
0 472 
0 0.'i928 
0 18910 
0.C5 
0 03213 
0 1606 
0 07C10 
0 1774 
0 175 
0 05701 
0 2934 
0 32 
0 1175 
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SPECIFIC nCAT OF GASES AND VAPODS 




Specific Heat 

of t/qual 

tVeifiDts 

Specific Heat 
of E<iual 
Volumea 

Specific II< 

Volumea 


Air ... 

0.2374 

0.2374 

0,1687 



0 2175 

0.2405 

0 1559 

Simple 

Nitrogen . . , , 

0.2438 

0 2370 

0 1740 

Gosea 

iHvdrosen 

3 4000 

0 2359 

2 4090 


CHloririe 

0 1210 

0.29{)2 



B.omine 

0 0555 

0.3010 


1'' , ' ' 

0.2315 

0.2406 



0 2450 

0 2370 

0.1763 


' 0 2103 

1 0 3307 

0.1714 


0.2432 

1 0.2857 



1 0 1553 

1 0 3414 

0.1246 


0 1845 

1 0 2333 



0 22C3 

0 3447 




0 2317 

0 2400 



Ammonii 

0 5083 

0,2966 



Marsh gas . 

0 5929 

0 3277 

0.4683 


Olefiant gas (ethylene) 

0 4040 

0 4106 





PROPERTIES OF OASES. 


291 


E. CALORinC VALUE. 


Calculating Calorific Power. — Since results arc stated in B.t u. 
per cu. ft. of the gas imcstigatcd. and the analysis usually gives 
percentage by volume, it is often convenient to use the volume 
values fo ‘ ' . . . i* 

Thomas 
the folio ^ 
nient reference. 


Gu 


H, hydrocen 

CX3, carbonic oxide 
CH,, methane . 
C»M,, acetylene 
Ctfh, ethylene . 
C|H„ ethane 
lUuminanta of gas 
C,H,, propane . 
CiH,, propylene 
G.Ilu Dutane 
C,K,i, pen'ane. . 
C«H,„ eextane 
C,H«, benrene 
C,oH|, naphthalene 


Calorm per 
Kdocram 

’’■JoS.r 

B t u per 
Cubic fmit, 

0“ C , 780 mm. 

34/,00 

62,100 

348 

2.487 

4,476 

349 

13.245 

23,851 

1^)66 

11.925 

21,405 

1,566 

11,900 

21,440 

1,673 

12;i50 

22,230 

1368 



2xm 

12^123 

21,650 

2,061 

11,000 

21,420 


11,850 

21,330 

3,477 

11,770 

21,180 

4350 

11,620 

20,916 


10,250 

18,450 

4,010 

9,620 

17,316 

6,176 


Combustion is generally affected through the addition of air to 
combustible gases, the composition of air being: 











23 134 

20 92 

1 00 

N, nitrogen • • 



3 78 


gas, its c.alorific power 
■ its constituents calcu- 


by Volume Cu Ft 
0 280 X 349 6 
0 03S 

0 146 X 2000 0 
. 0 3SG X 34S 0 
0 167 X 1005 0 


Total B t u 
97 80 

292 00 
123.S8 
177 85 


1.0S7 


Total - C91 59 
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It is necessary that the volume per cents be reduced to 0 deg 
C. (32 deg F.) and 760 mm. barometer, -which arc the standard 
conditions for a gas; also that exactly the proper proportion of 
oxygen be used and the gases and water-vapor formed be reduced 
to 0 deg C and 760 mm. pressure, the basis upon which the values 
in the table of calorific values of gases arc calculated. Generally 
the temperature assumed in works conditions is 60 deg. F. and 
atmospheric pressure, combustion taking place in air instead of 
oxygen. Therefore the heat added by the air and gas and the 
heat escaping in the products of combustion must be considered 
in connection with the B.t.u. in one cubic foot of gas consumed 
under standard conditions Thus one cubic foot of hydrogen at 
32 deg F burned, and all the heat conscrv'cd at 32 deg. F., ^^ill 
generate 34S D.t u , on the conlraiy if the hydrogen at 60 deg. F . 
bums in such a way that its products escape, containing their heat 
unutilized, at 328 deg F , then the calorific power will be only 
264 B t u , m the same limits the B.t.u. of CO would be 315 B.bu., 
CH 4 would have 853 B.t.u., and the illuminants would have 1700 
B.t u utilized per cu. ft Tlie c.xample of gas previously taken 
would, under these limits of CO deg. to 328 deg. F., have a calorific 
power of only 532 83 B.t.u. It is therefore of much importance 
m using such values to know whether they arc reduced to standard 
conditions, or, if not, what the conditions are under which the 
result given was calculated. 

mt: JUNKEU CAS-C.^LOnlMF.TER. 

The increasing use of pas for fuel purposes is making the heat- 
producing value of relalively greater importance than the c.andic 
power as detcrmineil on photometers Although the heat value of 
a gas can be e.stimated by calculation from an analysis, j'Ct the 
direct dotermmntion, in an apparatus designed to bum the pa.s 
completely and collect the heat m such a mtanner as to measure it, 
is more rapid and direct. Such an apparatus is called a c.alorim- 
cter, of which the bomb type is the most accurate, but the Junker 
t 3 'pe the more convenient and most used. Fig. 74 shows the ar- 
rangement of this apparatus, complete. The gas first p.asscs 
through the to.st-moter proaidod with a thermometer for t-al^* 
ing the temperature of the gas before combustion, a pressur^ 
regulator, Figs 75 and 76, to insure constant pres-suro at the 
burner, a humcr removably attached and adapted to regulate the 
air supply, a.s shown by the detail illustration, Fig. 78, a calonm- 
cter vcs.scl in which the pas is Inimod and the heat .absorbed by 
circulating w.afer, an elevated water supph* flowing under constant 
head, and a acsscl for measuring the water passing through it. 



Fia 74. — General AiraogeiDeDt of Junker Calorimeter. 



Fio “5 — Section of FKssure-regulator, C. 
chamber and pass dotTO thrmigb tubes surrounded by trafer and 
out into tiie air of the room at the lower opening. The heat that 
enters the apparatus is contained m the form of temperature in the 
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gas, air, and wafer entering it, and ui combustible constituents in 
the gas; thcrmonieters arc therefore necessarj* to test the tem- 
perature of the air of the room, of the gas supplied, and of the 
water entering the apparatus The heat escaping from it is con- 
tained m the products of combustion (water of cor.den«ation and 
fuel-gas) and the water collected, which requires two more ther- 
mometere. The air-jacket p^e^cnts radiation of heat, and all 
essential pro\'isions are made to keep Jicat from escaping un- 
recorded In construction the apparatus differs slightly accord- 


ing to the ideas of different makers, but 
the principles of operation remain the 
same vliv 

The apparatus being set up and 

properlj’ connected by rubber tubes, 

water is run into the cle\atcd tank *i f 

and through the apparatus into (he * | 

dram at J until the flow is steady, — ,* 
when the valve can be set with , . 

its indicator on the scale so that 
about 400 cc of water will flow mto 
the graduate D per minute, there 
should be a constant but slight over- 
flow through the tube b, which is 
regulated by a valie on the supplj- 
tube a. The water level in the wet- 
test meter in the go\emor and U tube 
H are of course looked after and more 
water added if ncccssaiy Remove the 
Bun^n burner /, Fig 77, to prevent 
explosion, turn on the gas. light it, 
adjust the air-shutter, and replace, 
adjusting the gas-supply to keep the 
difference m temperature between in- 
going and outgoing water about 10 deg 

C , during which time about 3 liters of J 

water are passmg The rate of gas [ 17 ^ [ Mtem m 

flow will be governed by the flame, jj[»j| 

which should be of proper size to pve 

out about 1200 calories per hour. Van- J T 

ation in the quality of gas therefore j 

will require more consumption for the 

lean gases and less for nch gases, the r. , _ , 

, ^ ria. < 8 . — Burner of Junker’s 

latter requiring also a considerable air Calonmeter 

supply anti the lean ga«cs ven little, 
if any; the flue damper being adjusted accordingly. 
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pas, air, and water entering it, and m comlaistiblc constituents in 
the gas; thermometers are tliercfore neecssarj- to test the tem- 
perature of the air of the room, of the gas supplied, and of the 
water entering the apparatus The heat escaping from it is con- 
tained m the products of combustion (water of condensation and 
fuel^as) and the water collected, which requires two more ther- 
mometers. The aiT-jackct presents radiation of heat, and all 
essential proiisions are made to keep heat from escapmg un- 
recorded In construction the apparatus differs slightlj’ accord- 
ing to the ideas of different makers, but 
the principles of operation remam the 
same 

The apparatus being set up and 



properly connected by rubber tubes, 
water is run into the elevated tank 
and through the apparatus into the 
dram at J until the flow is steady, 
when the ^al^•e can be sot with 
its indicator on the scale so that 
about 400 c c of water will flow into 
the graduate D per minute, there 
should be a constant but slight oxer- 
flow through the tube b, wluch is 
regulated by a valve on the supplj- 
tube a The water level in the wet- 
test meter in the governor and U tube 
)/ arc of course looked after and more 
water added if necessarj’ Remove the 
Bun'cn burner 7, Fig 77, to prevent 
explosion, turn on the gas, light it, 
adjust the air-shutter, and replace, 
adjusting the ga.s-supply to keep the 
difference in temperature lictween in- 
going and outgoing water about 10 deg. 
C., during which time about 3 liters of 
water arc passing The rate of gas 
flow will be governed by the flame, 
which should be of proper size to give 
out about 1200 calories per hour Vari- 
ation in the quality of gas therefore 
will require more consumption for the 
lean gases and Ies.s for nth gases, the 
latter requinng also a considerable air 
supply and the lean gases verv* little. 



if any; the flue damper being adjusted accordingly. 
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Having ths apparatus in normal operation, a test is begun by 
taking the temperatures of the uir m the room near the ca!o- 
rimcter.thetemiwrature of thegaa going through tlie meter (G), and 
the temperature of the gases of comlni^tion in the flue at J. Then 
watch the meter-hand until it is at a convenient starting-point, 
immediately smteh the outlet-tube from the drain-funnel to the 
empty grachiate, note the time, temperature of water entering {F) 
and lea^^^g (F') as quickly as possible to the hundredth part of a 
degree. A stop-natch is wiy convenient for this purpose, one that 
has a second and a minute hand, and reading-glasses on the ther- 
mometers facilitate that part of the work. An observation is com- 
pleted nhen the water collected reaches a little over 1700 c.c. in 
the graduate, nhen the readings arc taken as at the start, the time 
being noted nhen the outlet-tube is removed from the graduate and 
the meter road. The temperature of inlet and outlet water is 
observed about everj' half-minute. 

The formula for calculating the calorific value of a gas from 
these observations, given in metric units, is as follons (see Bates on 
Calonmctr}’, p, 25): 

^ l()00n*(rotr- Tiw) + K(T,w- Tg) + K'jTza- Ttr) ' 

where C*-calorios per cubic meter; 

G— liters of gas consumed as shorni by the meter; 

Toit" temperature of outlet nater, thermometer F'; 

J’/TT-temporature of inlet nater, thermometer F; 

7’o= temperature of the gas at meter, thermometer G; 




■ tbc aver- 
calorics; 


K 

K> 

Natural gas 

0.011 

3.-132 

Coal-gas 

.. . 0.010 

2.-1CG 

Water-gas 

. 0.009 

1.353 

rrodiiccr-pas 

0 00.S9 

0.170 


In ca«e the heat value is dcsimi under standard conditions, s-ay 
of 0 deg. C., nhere the pas is more den'c and the calorific value 

naturally higher, the value of C w mtiUipIird by There 

i-i another coirrction not yet mcntionnl, the heat rarriiHl off by ibe 
mobturc condciisoil from the water vapor fonned during com- 
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bustion, ^luch escapes from tube No. 35 sho^vTi m the section. 
When 1 kilogram of hj-drogen bums to form 9 kg of water vapor 
at 100 deg. C. (212 deg. Fah.) it generates 2S732 calones, but if 
this vapor is brought to 0 deg C the heat gi\en up is 34462, the 
difference being due to the latent heat of the steam and m the 
water formed. As calorimeter results may vary as much as 10 
per cent from this cause, it is alwajs nell to state whether the 
calories found are gross or net The correction is easy, consisting 


ured after the 5cnc-> of tests 

IXamplo In a 5 5-muiute test by Hates m which three read- 
ings uere made on the ga.'Cs and twelve on the water, the averages 
Were found to bo 7‘c=‘25C deg . deg., 7V»v** 14.739 deg., 

7’oir“ 20 7G deg , G— 4 5 liters, 11'= 1 74 liters. Substituting thcf>e 
values m the formula we get 

„ 1 740(29 76-14 739) 1000 +0 01 (14 739 - 25 6) +2 466(20-14 739) 
E 

-6820.085 calorics per cubic meter 

Applying now the temperature correction we find that at 0 deg. C. 
the calonfic value will be 

6S20 0S.->(5i— 2l') _oi4 8730 caloncs. 

To reduce this to B t u. per cu. ft. multiply by 0.11236, thus: 

6344 8736X0.11230=712 9099 B t u 

Liquid Fuels. — This ins* * — ‘ ‘ ' '• • • 

fuels, such as oils, alcohol, 
distillate or petroleum, the 
in Fig. 79. Instead of tl 

pubstitutod scales upon one arm of which is suspended a burner 
suitable for burning the liquid fuel. At the beginning of the test 
the lamp is lighted .and msorted, the sc.ales are balance<l with the 
lamp end slightly low, the water supply is adjusted as with gas 
and as the beam comes to a jierfect balance, the water-outlet 
is switched into tlie empty graduate and readings taken ag 
with gjw. Place a weight on the weight-pan equal to the quan. 
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Tio 73. — JunVcr’* Cilonmcter Atiaiitcd for Liquid Tucls. 
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tJtj* it to test, And asthp beam again comes toequilibnuni 

take final readings quickly The calonfic value is then calculated 
by this fonnuh: 


o ^I'doi^r/iriiooonoo 

(?a 

where C^calones per kiloRram, 

Co^ weight of fuel burned ui nnlhgranis, 

the other terms being the same a** l>cforc Calorics per kilogram 
can be reduced to Bt u i*or pound b> multiplying the caloncs 
by l.S. 


TUK .MMHWX'VtKDY O^v^^UORlUtTrEtl 

With tlie purpo-o m inmd of doM&ing a palorunefer by which 
quick tests coufd be made with the greatest chance of accuracy, 



Mcssrsi. Simmance and Abadyi tw'o consulting iliemi&ts of Lonilon, 
iiucut^ the calorimeter wliich bears, their names. It is of the 
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tity it is de.«ire<.l to test, and as the l»cam again comes to equilibrium 
take final readings quickly The calonfic value is then calculated 
by this fonnula. 


^_ir(rotr-r/tr )ioooooo 

Go 

\sherc C^calones per kilogram, 

Go=^\\eight of fuel burned in milligrams; 

the other terms being the same as l>ef<>rc Calorics per kilogram 
can be reduced to lit u ]icr pound by multiplying the calorics 
by 1.8. 


THV. ^IM\tVNrE-Mt\DV GAS-C^LOBIMDTER 

\Vitb the pur^w>^c m mind of devising a calunnietor by nhich 
quick tests could lx* made uiili the greatest eliance of accuracy, 



Fiq so —Arrangement of SiminanCTy 
Abaily Gas-calornncler with Ther- 
luumcters Usuil 



.\baily Calorimeter. 


•Messrs Simmance and Abaily, two consulting chemists of London, 
invented the calorimeter which bears tlicir names. It is of the 
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Junker type with distinct improvements. Short and rapid tests 
may be made with it, taking but a few seconds by reason of the 
convenient arrangement of mstmments to be read, and but a 
minute to make a complete test for calorific power of a gas. The 
rapidity at w hich gases can be burned can be regulated , the relath e 
area exposed to the burning gases is increased, the thermometers 
are arranged together and with magnified scales for quick reading, 
the head of water entenng can be determined with positive accu- 
racy, and every effort made to secure an in.stnimcnt which combines 
quickness with accuracy In the accompanying illustrations 
the water-inlet is showm at A, cock at B, whence the water rises 
in the tube C to a height equal to its pressure, flows around the 
thermometer D in centigrade degrees divided into tenths, thence 
through annular shells E, down tubes F, up through tubes G. past 
the baffle-plate into the upper space H containing a thermometer 
J, and escapes at K either through the waste-pipe L, or into the 
graduated measure M of 1000 c c capacity in 2 c.c. graduations. 
The consumed gas rises through N to 0, where the temperature 
is low enough for the water- vapor formed to condense, falls down 
through the passages P to the chamber below, which is about the 
temperatu] 
through a 
being collei 

vapor of water thus collected per cubic foot of gas burned 0.6 
calone must be deducted from the gross calories per cubic foot, 
or 2.382 B.t u. per cubic centimeter per cubic foot of gas burned 
must be deducted from the gross B t u per cubic foot. In setting 
up the calorimeter the instructions of the makers should be fol- 
lowed closely, being very careful m handling all its parts. The 
gas supply must be under uniform pressure. 

The operation is similar to that of the Junker. The water 
supply must be under uniform pressure, preferably from an elevated 
tank provided with a ball valve, as indicated by the height of 
the float or water in the tube C Light the gas-burner outside 
and put it in place, adjusting the flow of gas to get the best com- 
bustion results, adjust the damper at G so that the products of 
combustion are of the same temperature as the entering water, 
take the temperature of the gas and air of the laboratory, and the 
barometne reading. As the meter-hand passes zero mark turn 
the outlet running water into the graduate ^f, and as the hand 
passes a determined point, say 12, snitch the water back into the 
waste-drain; repeat the lest twice, and take the mean of the three 
readings. Suppose 362 c.c. water were collected in M; gas burned 
12 divisions, or 0 00 cu. ft.; difference in tciuiicrature of inlet an'I 
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exit water, 21.7—12.5=9.2 dep:. C. The makers supply a table 
in which 12 will be found at the head of a column, 362 in left- 
hand column, and 18 1 opposite, ^\hicb being multiplied by 9.2 
equals 166 52 calories per cu. ft ; or, 166.52X3.97=661 08 B.t.u. 
per cu ft of gas. The method thus simplified is not laborious. 
Suppose 3 c c of condensation water was collected, or 36 c c. per 
cu ft , then 36X0.0=21.6 calories, which taken from 166.52 
caloncs leaves 144 92 calories per cu. ft., net. Or, 36X2.382 
= 85.75‘B t u , which subtracted from 661.08 B.t.u. is 575.32 B.t.u., 
net The same modifications can be made for testing oils as 
described under the .Junker instrument. Another improved form 
has been devised by the Metropolitan Gas Referees of London, 
wliich aims still further to absorb the heat of combustion by the 
circulating water. 

F. temperatures. 

The Earnshaw BI«e*gJass Pyrometer, herewith illustrated 
in Fig. 82, is of the visual tvpe, its principle being the absorption 
of light or its diminution, through the use of a varying number of 
slides or blue-glass lenses to create a vanishing point of light, said 
hsht of course presumed to vary directly as the intensity of the 
heat ob«erved. 

As the personal equation is very marked in the use of an 
instrument of this kind, its use would of course be of little 
service in establishing absolute values. i>ut it will be found of 
c.xtraordinary usefulness in making comparisons or establishing 
empiric tests. 

Gas. — ^Tlie thcoictical flame temperature of a gas is the 
highest temjwrature that can obtained by the combustion 
of the gas when no heat is lost in any way, all the heat that 
is developed being employed to heat up the products of com- 
bustion 

. large percentage 


higii heating value, do not produce _ . ■ 

do such ga-'cs as carbonic oxide, wbicli have a lower heating value, 
but give sm.aller weights of products having a lower specific heat 
than aqueous vapor 


takes place m air than it is for combustion in oxygen, as is practi- 
cally illustrated in the oxyhydrogen flame. 



propeuties of gases. 


iQ3 


Tlic highest temperature that can thcoreticallv U oUa.r .A 
bummg a gas in air i. the tem,*miurc tluit u.ll’lx, aS « A 
no heat 13 lost in any nay. all the licat de\cloi<-d lx.,ni: . u , I. 
to heat up the products of combustion and the nitre-ui * 
pan> mg the o\\ j^n drami fr.>m the air for this C(iml.ufcth,n 
conditions are of cour^o no\er oblamc<l in prattue hiii 
^e^\• hard to measure acruratch ihe lo3.se.s that oeu'ir io't,r !• 
the maxinuim theoretical tcni|>or.iturcs are iiscil to fund ) , “Y* 

for comparisons between different gases, it leing iLsMin,,.! ,i" . 
relations between the tem|)eratures actually ol^ijumd I'm i “ 
nearly the same as tho«4> existmg U-tween tlie ihwirelu-il i. ^ 
lures, although the absolute tciniieratures will l» \erL- .l.ff 
the two eases ^ "■‘•tint m 

This raa\immii ihcomical lonipcralurc oidcmiv .. 

the quaiitil.v of Ileal dc\cl«|«l l.% llic cranl.u.lion ..f e, „ 
uf pas and upon the quanliiy of heat rcijmred to ni... i 
degnq, llio toni|H-ralurc of the products resuItinL- fntm (h, 
bustion of this unit wei'dit. and ilic ni<r.<ir.rt» ,ai,. i . ‘•‘“til* 


bustion of tins unit weight, and the quotient obtamid'llv ,r "i''''’ 
of I, oat ptxxiuted l,y the quantity 

iraturo of the nrodiicts of foml..U ‘‘i raise 


the quantiiy v. i.vat (/.vuxmru me quantity reoum'il i, 

the teniixirature of the products of combustion one detmvl v i 
the higliot icmporature that can be reached bv iMirm/i/f »» 
gas The quantity of heat produced isgncn by ihetslonn'? 
of the gas The amount of heat required to ra^ iho temi '1* 
of the products of combuMion one degree can l;o cal mi 1 ,^ 1 *'!'^ 
multipljmg the weight of each product that la nroducM 1 
specific heat, the nitrogen mixed with the oxvgen in th^ • ^ '*'* 
drawn into the flame with it bemg included it w therefore**^ 
ear}’ to determme what substancc.s are produced bv thn m>.Io '“■'‘Y'*' 
of the ga3 and the weiglit of each of these substances th-it 
tamed from the unit weight of the gases, to multiply flic 7 
mmed weight of each substance by its specific heat and°(^^'7’ 
together the numlwrs obtained by these multiplications tl ? 
forming the divisor of the fraction ’ f>uin 


The maximum temiwralura that can be produced by bun 
gas m air can therefore be determmed bv' dividing the {71''’^’ 
value of the gas per pound by the sum of the numbers obt ^^ 1 ° 
by multiplying the weight of each of the products of combi??- ' 
produced from one pound of gas by its projier specific ho r"* 
nitrogen mixed m the air with tlie oxygen required for combu 
being considered as one of the products of the combustion 
To illustrate by a simple example, the maxinmni temnor 
that can Ixi produced by the combustion of carbonic oxijf. 
may bo determmed as follows* ’ 

1 11) of CO requires for its combustion to carbonic acid ro 
0.571 lb of oxygen, which will have nuxed with it in t|i? •’ 
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0.571X331 = 1.89 lbs. of nitrogen, N, and the products of the 
combustion of 1 lb. of CO will th^fore be L571 lbs. of COj and 
1.89 lbs of N. The calorific value of CO is 4383 B t.u. per pound, 
the specific heats of CO 2 and N are respecti\ely 0.217 and 0.244, 
and the equation of the maximum temperature in degrees Fahren- 
heit is 


1.571X0 217 + 1.89X0.244 0 803 


=5465“ F. 


5iclting;=poi‘nts. — For the determination of moderately high 
temperatures, .^uch as that of hot blast supplied to furnaces, use is 
often made of metals or alloys of known melting-points, and when 
two such substances are procurable with melting-points differing 
only by a few degrees, the temperature of the blast, etc., can be 
readily kept within that range by regulating the heating apparatus, 
so that one tesl-picce is liquid and tlic other solid. By employing 
a senes of test-picces whose mcltmg-points ascend by small and 
fairly regular increments a tolerably reliable measurement can be 
made of any temperature within the range of the tcst-picces. 
Prmceps alloys furnish us with fairly go^ means of reading 
temperatures between the melting-point of silver and that of 
platinum 


MELTING-POINTS OF PRINCEP3 ALLOYS 



The values of ttic higlicr mclting-poiDU arc jHcbably uitluii bumu 
degree* ol the truth. 



VnOPtUTlES OF GASES 


SOT) 

TKMr»;iUlfUJ> «)l- MOLTIN IROV rnK«JsroM)lN(; TO CKHTAIN 
( oi (tif« (rtti’iLLi r) 

Deg Fall. 


IntcsiMJ white 

2730 

Bright white 

2550 

White heat . 

2370 

Bnglit OMOge 

2190 

Orange 

2010 

Bright chcTr\‘ 

1830 

Chorrj -rcti. 

1650 

Brilliant re<l . 

1470 

Dull red. 

. 1290 

Fault red 

.. 977 

MKI-TINtr-roINT 

OK CAST IRON 


Deg Fah 

Bliitc . . 

1920 to 2010 

Gray . 

2010 to 2000 


optical P>roiT .... 

U a polariscopc arr 
the analyzing and 

long which ha3 bet.. ... . . 

plane of polanzatmn will Ijc tumed by such a piece of quartz 
through an angle that \anes directly as the thickness of the quartz, 
and (approMmately) in\c{>cly as the wave length of the light, so 
that the amount of rotation is much larger for the \Holct end of 
the spectrum than for the red. The higher the temperature the 

INDICATIONS OF THE l.UXCTTE rVROMETRIQUE. 


Chirwl«r of LiKbt 


Incipient cherry-red 
ClieiTy-rcd 
Liglit clierry-rcd 
f'liglilly orange . 

ltnid\t oratiEe . . 
Willie , 

Welding white . 
Hnlliant white 
Ilnght bunlight 
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^cr the })roportion of light rays of short wave-lengths, conse- 
cntl}' the larger the angle tlirough Mhich the analyzer must be 
ated in order to obtain the “Extinction Tint”; this for low 
npcraturcs is a grayish yellow charged by a slight turning of the 
alyzer m either direction to green or red; for higher temperatures 
is the same as for sunlight, a neutral purple changing to blue or 
1. For low temperatures where the light is feeble a condensing 
is is employed to concentrate the beam for the polarizer. No 
jful indication can be obtamed below incipient cherry-red. (See 
ale at bottom of page 305 ) 


TEMPER \TUnES. 

Degrees Fahrenheit = -y Degrees Ccntigrade-1-32, or F.®»=1.S 
’ + 32 

Degrees Centigrade*! (Degrees Fahrenheit— 33). 

Degrees Absolute Temperature, T =C‘*+273. 

“ “ " T*F‘’+4dl. 

Absolute Zero— —273” on Centigrade Scale. 

" " — —491” on Fahrenheit Scale. 

Mercurj* remains liquid to -39° C . and thermometers ^-ith com- 
cfiscd N. above the column of mercurj' may be used for as high 
mperaturcs as 400” to 500® C ' 

HE4T-UNITS. 

A French Calorie* 1 Kilogram of HjO heated 1° C. at or near 
C 

A British Thermal Unit (B.t u )= 1 Ib of HjO heated 1” F. at 
■ near 39° F 

A Pound-Calorie Unit *• 1 lb. of H-O heated 1“ C. at or near 4° C. 
1 French CaIone=3.96S Bt u =2 2046 Pound-Calories. 

I British Thermal Unit = .252 French Ca!oric3=.555 Pound' 
dories. 

1 Pound-Calone— 1.8 B.t u.= 45 French Calories. 

I B t u. = 778 ft.-lbs =Joulc's mechanical equivalent of heat. 

1 H P. =33 000 ft.-lbs. per mmule 

=: 42.43 B.t u |icr minute 

= 43 42x60 = 2545 B.t u. per hour 

The Bntish Board of Trade unit is not a unit of heat, but of 
cctrical measurement and 
= 1 kilowatt liour 

— 1000 w atts = VA® “ 1 34 H.P. jjcr hour. 


I’nOPEUTlES OK GASES. 


TEMrr.n\TURr-s iv some ixm'STKUL opmuhon 

Ccntigrailc 


Gold — Standard alloy, pounnp uitomnlds . . j |so 
Annealing blaijks for cojnagp funwep rb.ini- 

ber . .s'K) 

Silver — Standard alloy, pounnp into mold^ y^O 

Steel — Bcsk-enier J’rocci?, Six-ton Convciior; 

Bath of Slap . . I.', SO 

Metal in ladle 1010 

“ “ ingot mold . jjSO 

Inpot in reheating fumate ll»00 

“ under hammer . loSO 

Siemens Open-hearth Furnace: 

Produccr-gas near pas-penerator . 720 

“ entenrg recuperator chamber , 400 

“ Jeai-Lig “ “ 

Air issumg from “ “ 1000 


Products of combustion approaching chimney. 300 
End of melting pig charge 
Completion of con\ersion 
Pouring steel mto ladle | 

In the molds 

Siemens Crucible Furnace. 

Temperature of heanh between crucibles . ICOO 
Blast-furnace on Gray Bessemer 
Owning in front of tu\ fire 1030 

MoUeomCa. 

Siemens Glass-melting Furnace- 
Temperature of furnace .... . 1400 

Mplted glass . . . . . 1310 

585 
. 1370 

• noo 


U2Q 

1500 

15S0 

1400 

1520 


r»lin.ijl,(ii 

I*" Cm •. 

21.50 

1G31 

i7yo 


2870 

2ysi 

2870 

2102 

1970 


1328 

7.52 

2192 

1S32 

590 

2588 

2732 

2870 

27U 

2708 


2912 

3500 

2552 

2858 

2552 

2390 

1085 

2498 

2012 


MELTING-POIMTB. 



c* 

F» 


' c* 

r.« 

Sulphur . . 

115 

230 

Copper . 

1054 


Tm . . . ' 



Cast iron, nhite 

1135 



326 1 

618 


1220 



415 1 

770 

Steel, hani 

1410 



G25 

1157 


1475 



945 

1733 

1' Palladium. . . . 

1500 


Gold 

1045 

1913 

, Platinum. . . . 

"" 1 

3227 



SOS 


AMERICAN GAS-ENGINEERING PRACTICE. 


MCLTIXO-POIXTS ( VsoracK AoTnortirr) 


SuU'tanre 

Dferrea Fah 

Substance 

Dfgries F»h 

Alumuuum 

1247 

1 I’liosphorus .... 

111 

Antimony 

797 

Platinum 

3227 

Bismuth 

505 

Potassium 

136 

Bronze . 

1652 


1&32 

Butter 

91 

Sodium 

203 to 204 

Copper 

2102 

Spermaceti 

120 

Gold 

2192 

Steanoe 

131 

‘‘ coined 

2156 


2372 to 2552 

Ice 

32 

Sulphur. . ... 

230 

Iodine 

237 

1 Tm . . ... 

S40 

Iron, cast 

1922 to 2382 


154 

“ wrought 

2732 to 2912 

Wax, yellow 

144 

Lead 

617 

1 Zinc. . 

7S6 


G. HEAT DATA. 

Heat Radiation,— Good heat radiators are good absorbers to 
an equal degree, and reflecting power is the exact inverse of radtat- 
ing pouer 

nELATUX VALUE OF RADIATORS. 

Sub,lai.™ Rdat^njdiatllis 

Lampblack or &oot . . . . 100 

Cast iron, polished . . . . 2Q . 

' Wrought iron, polished 23 

Steel, polished . IS 

Brass, polished .... .... 7 

Copper, polished . ... 5 

Sib CP, polished. .... 3 

Conduction is the transfer of heat by contact, molecular motion 
being then directly caused. Heat is thus transmitted through 
the thickness of a fumace-t«bc. There arc good and b.id con- 
ductors, the fonner being choscii for firo-bo.\c3, other properties 
being suitable. 


REL-KTIVn VALUE OF GOOD IIE.KT CONDUCTORS. 

Substance. RelaUv^^^nducting 

Silver lUO’ 

Copper . .... 73.0 

Brass - 23.1 

Iron.. 1.91 

Steel .... .... . . 11.6 

Phatinum S.4 

BUmuth. . .... . ....... 1.8 

Water. 0.1-17 



PROPERTIES OF GASES 


300 


Had conductors arc of value for covering boilers, steam-cylin- 
ders, pipes, etc 


REL.VT1VE VALUE OF HEAT INSULATORS 

Subslmce, Relative In.ulatmg 


Silicate cotton or slag wool . 


100 

Hair felt . 


85.4 

Cotton wool 


82 

Sheep's wool 


73 5 

Infusorial earth 


73 5 

Charcoal 


71.4 

Sawdust . 


61 3 

Gas-works breeze . . 


43 4 

Wood, and air-space . 


35.7 

EXPANSION OP LIQUIDS IN 

VOLUME 


Volume at 32 deg Fall » 1 

Volume at 212 

deg. Fab. 

Water 

1 046 


Oil . 

1 080 


Mercurv'. 

1 018 


Spiiits of wine 

1 110 


Air. . 

1 373 to 1.375 


LINEAL EXPANSION OF METALS PROCUCED BY RAISING THEIR 
TEMPERATURE FROM 32“ TO 212“ FAH. 


Zinc. . 

Lead . 

Tm (pure) 
Tin Onipure) 
Silver 
Copper 
Brass. . 


1 part in 322 
“ •* “ 351 
“ “ 403 

" " 500 

.. .. 524 

'• " “ 581 
“ “ “ SS4 


Cold. 

Bismuth 

Iron 

Antimony 
Palladium. 
Platinum . . 
Flmt glass 


. 1 part in 682 
•' " " 719 
“ “ '812 
“ " 923 

“ “ " 1000 
“ “ “ 1100 
. “ “ “ 1248 


rOEFFlCIENTS OF LINEAR EXPANSION. 


Glass . . . 
Platmum 
Cast wr/n 
Wrought iron 
Copper .... 
Lead 
Zinc . . 
Brass. 


Elongation per 
deg. C. 

0.0000085 
.0000085 
.00001 
.000012 
• .000017 
- .000028 
.00003 
. .000019 
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RELATIVE PO\\ER OF METALS FOR CONDUCTING HEAT. 


Gold 

. . . 1000 

Iron 

374.3 

Silver. . 

. . 973 

Zinc 

363 

Copper 

898 2 

Tm 

303.9 

Platinum. . . 

381 

Lead 

179.6 


Excess of Temperature id the Gas in the Pipes 

Quantity of Heat Lo- 
Exterior P 

It by a Square Unit ol 
ipe Surface 

For an Excess of 

When Radiating 

When Plunged 
in Water. 

10®.. 

8 

SS 

20*.. 

18 

266 

30® . , 

2fl 1 

5,353 

40®.. 

40 

8,944 

50®.. 

53 

13,437 


COMPARATIVX POWER OF SUBSTANCES FOR REFLECTING RADIANT 


HEAT. 

Polished brass. . 100 

Silver . . . ? 00 

Tin . . . . . SO 

Steel ... . 00 

Lead . GO 

Glass ... ... . . . 10 

Lampblack. . . 0 


RELATIVE POWER OP METALS. FOB RCFLKCTINO HEAT. 


Intensity of direct radiation =>1.00. 


Silver plate 

. 0 97 

Polished platinum. ... 

... o.so 

Gold 

0.95 

Steel 

... 0.S3 

Brass. ... 

. 0.93 

Zinc 

... 0.81 

Speculum metal. . . , 
Tin 

0.86 

.... 0.85 

Iron. . 

... 0.77 




CHAPTER XX 
STEAM. 

A. PROPEimCS OF STEAM 


The conversion of water into steam is attended with certain 
heat plienomena whicii may be dc\c/oi»cd as follows: 

Latent Heat. — The term latent heat is applied to the heat 
added to or abstracted from a sul>stance to change its state with- 
out changing its temperature. Thus 144 Btu must be added 
to 1 pound of ice to conxert it into water at 32 deg. F This can 
be found by direct eAj)onmenf by allowing ice to melt Ln wafer 
the heat lost by the w.ater licmg absorbed by the ice Suppose 
2 oz (u’l) of ICC at 32 deg F arc added to 20 oz of wa‘cr (w) at 
GO deg F (ti) which was at 45 deg F when the ice was melted 
1 deg. being obtamed from the higher temperature of the room’ 
making the corrected final temperature (fa) 44 deg F Then ' 


Heat lost by the w atci = heat gamed by the ice. 

=tP,[L+«5-.32)], 
20(00-44) =2fL+(44 - 32)], 

Latent heat. /..= (320-24)-2**14S. 


The exact value is mom nearly 144 
Btu The calorimeter shown m Fig S3 is 
often Used for such experiments A metal 
vessel n contains m its air-space another 
xessel surrounded by non-conducting ma- 
tenal like felt and is proxnded with a ther- 
mometer for taking the temperature of 
the water The Siemens pyrometer resem- 
bles this apparatus, the copper cylinder 
being brought up to the temperature of the 
furnace to be tested and tlicn quickly 
thrown into the known wcijtht of water; 
when the temperature becomes constant 
after gently stirring the heat lost by the 
copper wall equal tlie heat gamed by the 
water, as before, but the calculation is as 
follows: 



Fig S3 “-Calorimeler. 
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Weight > gpecijic heatXdecieased temperature of copper 

— weightXincreased temperature of the water. 

luiXO-OoCr— 12)=«'(^2— ti), 

where T is the temperature of the furnace and the other terms 
have tlie same values as before. 

When water is heated the rise in temperature ceases at 212 deg. 
F. (100 deg C ) until all the water has been converted into steam 
uathout raising the pressure The heat continually added goes 
to change the condition of water from that of a liquid to a vapor. 
This heat may be determmed by the apparatus shown in Fig. 84. 



Fio. 84 —Apparatus for Testing Latent Heat of Steam. 

Water is boiled m flask A, steam passmg from A through B to flask 
C mto uater, uhich condenses it This continues until the wafer 
m C nearly boils The difference m weight of C before and after 
the test will give the weight of steam condensed (u*). Since the 
heat lost by the steam equals that gauicd by the water, 

U)(212 + L-t2) = t0](<2— 

or if there was 20 oz of water in C at 70 deg. F. and the steam 
condensed was 1 5 oz , mcrea«ing the lein|xjrature to 147 deg., 

1 5(2 12 + /.A - 1 47) = 20(147 - 70), 
Z,A*(l'jlO-97r>)- I 5 = 9>1 G lUu. 

The exact v.alue for the Intent licat of steam is 9GG H.t u. 

It should be well grasped that latent heat is n kind of specific 
heat given to the Ixxly during the chan^ from solid to liquid and 
from liquid to gaseous. In tlic re\cR>e order an equal quantity of 
iicat 13 given out. Tfius I fb. of icc below 32“ wilf give out or 
alisorb 0 5 unit for every degree, and 144 units when melting. 
Water bctvvcen 32* and 212® will require 1 unit per lb. Finally, if 
the steam !» supcrhe.atcd beyond 212®, 0.48 unit will raise each 
pound by one tlcgrce at a time. 




Fio 85. — Relative Volumes and Temperatuics of Ice, Water, and Steam, 
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pheric pressure. The steam volume at is too great to be shoun 
on the diagram, but is given to » smaller scale at G and to a still 
smaller scale at C The base of these narrow triangles corresponds 
to EF. 

Water \nll boil at 212® F. under 14 7 lbs. per sq. in. pressure, 
but if the pressure is decn . and if 

the pressure mcreascs th 2 deg. 

^Vhen steam is m contact _ jrated, 

but uhen all water has been evaporated it becomes diy steam; 
further addition of heat forms superheated steam, which behaves 
like a fixed gas in that condition. In Fig. 85 the volume of steam 
is 1650 times that of the water from whirh it was formed, while 
1 lb. of water will form 26 36 cu. ft. of steam 

The relation of temperatnre to pressure for the range of —32 
to 32 deg. F «a.s tested hy Ga>-Lussac in the apparatus shown in 



Fig. SC, eontiiling of two hammetcc tubes m mercury, tube B 
containing some water above the mcrciirv' m its end, the tempera- 
ture of winch was regulated by freczinc-mixturcs as shown. 

. ' " ' leg. to J22 deg. Ilegnault 

' vvhich tube B .again h.as a 
'flic ends o! the barom- 
eter tubes are surrounded by water which is rca<JiJy broiiglit to 
the tcmiicraturc desired. 

The ten.-ion of aqueous vu|K)r ami s,(cam between the tcmjicra- 
lurcs of J22 deg .oniJ 2J1» deg. F (•.ujii; it Inxs Ixvn c-irrinJ to -132 
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deg.) was found by Rcgnault in the apparatus shown in Fig. 88, 
where .1 IS a boiler m which steam is formed wliich is condensed 
by the water-jacket circulating water from D io E, B is a. copper 
sphere in which the pressure is regulated by the pump C and 
measured by the U gage F The thermometers in A measure the 
temperature of the steam, and the veiy high tube G peimitted of 
pressures up to 24 atmospheres 

The relation between temperature and specific volume or cubic 
feet per jiound w-a^^ determineil by Fairbaim and Tale m the appa- 
ratus shown m Fig 89, where a glass sphere .d dips its open stem 
mto mcrcun' m lube E connected with B, conlainirg water. A 
known weight of water ih placed m -1 while D and B are heated. 
As the tension m A and B are eqi al at first the mercuiy columns 
are at the same le\el. but when tlie water n .1 has evaporated, 




Flo 89. — Testing for 
Specific Volume 


the vapor begins to superheat and the pressure becomes less than 
m B, which is still evaporating, so that the mercury-column levels 
separate At this moment the steam in .1 is dry, its volume is 
known, and its weight, from which its specific volume at that tem- 
perature IS readily found The results from these experiments are 
shown by the cuiwes of Fig 90, where the cur%e to the left shows 
the nsc in temperature and the cune to the ngJit the decrease in 
sp:cific volume as the absolute pressure (atmospheric-l-pressure 
alxne atmospheric) mcreai.es 

The total heat of evaporation U the quantity of he.at required 
to raise the temperature of water from freezing-point to boiling- 
point and just convert it into steam. Regnault in\estigated the 
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Work in Steam. — When steam ia formed it occupies a relatively 
mucii greater ^olumo than the water from which it had been 
formed, this expansion could take place only against the resistance 
of matcnal previously occupying that space, and work is therefore 
done This is illustrated in Fjg. 92. where one pound of water is 
supposed to be heated m the tube having a piston above it of 1 
square foot area The steam pushes it upward against one atmos- 
phere, or 14 7 lbs per sq. in., or 14.7X144*2116.8 lbs. As 
1 cu ft. of water weighs 62 5 lbs it will stand 1-7-62.5=0.016 foot 
high in the tube The specific volume of I lb. of steam at 212 
deg. IS 2G 36 cu ft , attamed by doing 2116.8X 26 36= 55,799 ft.- 
Ibs of work The latent heat of steam absorbed 966X772=745,752 
ft -lbs Taking from this 55,799 le.ivcs 689,935 ft -lbs. for internal 
work Raising the temperature of water from 60 deg to 212 deg. 
required 152X772= 117,344 ft -lbs This may be summed up as • 


Total work-IOGG -t- ISO*- (60*- 32*)J772- 863.096 ft.-lbs. 


Thus 2.1 parts of the work went to raise the temperaturo of the 
water 12 36 to uitcrral work of changing water into steam and 1 
part to external work of raismg the piston or expansion. In the 
diagram let OA lx; 26 36 and OB 2116.8 lbs ; then the shaded 
rectangle will represent cxtcm.il work. Make OD and DE 12 36 
and 2 1 times Oli respectively; the rectangle Of) and DG will rei> 
resent internal work and scrsihle heat respectively. The shadM 
area rejircseiits only u.scful woik The cfliciency of steam-for- 
mation work tlicroiorc is 55.799— 863.096 = 0.0640. Using these 
fipurc.s, let us take the example of a tnpic-expansion engine operat- 
ing with steam at IGO lbs gage pressure, or 160-1-14.7=174.7 lbs. 
absolute pre.*i»urc. Tlicncc wc have 


Specific volume of steam, cu. ft. . 
IxJud on i)iston. 1 14X 174 7 Jl>s 
External work. 2 5X25,156 lbs. , 


Racing tcmj>crature of wafer, (370 — 60)/#2 ft.-lbs. 
Total work. 03.800-^597,479-1-239.320 ft -llis. ... 


, evtcnial work 02,800 

E Iicicnc.v of slc.am= ■ . ■ ^= . 

total work 


2.5 
25,156 0 
62,890.0 
370.0 
060,369 0 
597,479 0 
239,320 0 
899,689.0 


which .show-s that higll-pre^.su^! steam is not more economical than 
iow-presMirc steam, weight forwT?ight. 

Specific Heat. — The relathcquantity of heat required to rai.“« 
the lemixiralurc of a substance 1 dec. F..a3 compand with water. 
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is (cnned its specific heat As applied to sascs it refers to two coa- 
djtions — constant volume and constant pressure, the temperiauie 
varjing in both cases. .Vs 1 cu ft of air weighs 0 0S03 lb., I lb. 
will occupy 12.4 cu ft at I atmosphere pressure and 32 deg. J-'J 
If it is heated to 212 deg F . a nse of ISO deg F , the increase in 
volume will bo (180 — 492)12 4 = 4 54 cu ft , which representb the 
rise of the piston m I'lg 92 against 2110 S lbs The cxterral work 
will therefore lie 2116 .SX 12 4=9510 27 ft -lbs The specific hi-at 
of ga'cs at constant piv^surc is 0 2375. thus the heat absorlxal m 
rabing the tcmiicraturc of the air ISO deg. will be lS0 X 0.237.i = 
42 7o Iltu=33(M)3 ft -llis The difference, which is mtcnij 
work, will therefore lx? 33003 — 9310 27 = 23,492.75 
30 43 Btu Thorefore the siiecific heat, constant volume = 
30 43-180 = 0 1072 Btu. or. more correctly, 0 16S0 lU u. 
The ratio of specific heats will therefore be 0 2375 t0,1GV>~ 

1 40S-1/ "When siiccitie heats are represented in foot-pounds llui 
symbols Kp and A'» may be used 

According to Uegnaull’s law the «pctific heat of a gas at vm- 
stant pressure is the same at all temperatures Suppose a gun 
to bo heated under the constant pressure P, its lolume liemg 
increased from Ti to V 2 and the ateoluto temperature nsing from 
Ti to Ts, then tlic 

ENtemal work = P( Fj — Fi ) — cfTa — Ti), 

Total “ ~Kp{T 2 -Tt). 

Internal “ *‘Kp{Ts-Ti^ciTi~Ti). 

Since only mlcmal work is done when gas is heated at conblmit 
volume 

K,iT2-T^) = Kp{T2-Tt-c(T2-Ti), 

C=Kp-A', 

Note that the internal work A',(T 2 — Ti) may be cither positiio 
ncgatiie, or nothing ' 

Superheated Steam. — By expcnmeiit A'p=370 5G 
Steam Ixihavcs like a jxirfcct gas a few degrees above its saturation 
point, Kp being practically a regular quantity. The ratio of 
specific \olumcs of air to superheated steam is 0 622, and the 
constant C for steam equals the constant C for air divided bv 
0 022 or 85 5 Therefore ^ 


A,=370 5G-So5=2S5 06 ft.-lbs , 


A'» 


370 56 . „ 
2S506 


C=Ap— A', = 85 5, 
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Expansion Curves. — ^The hyperbola illustrating Boyle’s law 
is shoira in Fig. 93, and expresses the relation 



Another expansion curve has the formula PV^’^C, the exponent 
n changing with the material. The shaded area shows the work 
done during expansion, Fig. 04, and could be measured, but since 
the curve has a definite formula its area may bo found by the 
formula 


Area=PF log^-i?^- 

This of couree requires the use of a tabic of hyperbolic logarithms. 
The area of the curve having the formula PV”==C is 


Area= 


P|F,-P,ra 
n— 1 


An isothermal cun’c follows the law of Boyle, the heat trans- 
formed into work during expansion being supplied so that the 



Fio. 95. — Exi)ansion Cun ca. Fio. 90. — Compression Cun'cs- 

tcmiieraturc remains constant. If no Iicat U supplied, the cun'C 
will fall below the hjjxjrbola as shoni) in Fig. Oo. In compression 
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the cur\e would nse abo\c the u-^tliermal as the gas becomes 
heated by work done upon it, shown in Fig 96 

The value of the exponent n for the adiabatic expansion curve 
is thus de% eloped • 


P,V% — P-%Vt e 

Area of cur\e = ' ' =^ 3 |(r 2 — ri)=cxtemal work 

Total work «mtemal work+external work 

Since no heat is added nor abstracted m adiabatic expansion this 
last expression is equal to aero; since the factor is tangible, 

nK,~Kp=0 and n = ^*’=y, 


and 


PVv^C 


is the general equation for adiabatic expansion. External work 
IS done at the expense of the heat in the gas. Therefore, in adia- 
batic expansion 


P2]^2*'= Pi Vt «r-l. 


for air. 
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The formula thus far developed may now be collected: 

Isothermal expansion, PV^C, 

.r DTTu 1.408 for air 

Adiabatic PI = 1.3 forsup. steam, 

Saturated steam expansion, PVi^=^C (Ilankme)=-i75, 
Adiabatic “ " PI'* ^=C (Zeuner), 

“ " *' prV«C (Rankine), 

“ superheated steam expansion, Pl't^^C. 

These adiabatic curves represent the expansion of steam in a 
cylinder under good conditions. As showia in Fig. 97, all start- 



Fio 97 .— <Hin-es Cotupored. 


ing at the same point, the hyperbolic cur\-e lies highest ami the 
adiabatic for air loiicst. 

By consulting Fig, 08 it uill be seen that .IP is the cuno for 
dry steam; if V is decreased by compression at constant tempera- 



Fio. 98 — Curves of tVet and Dr>* Steam. 


turc the steam becomes wet, but if 1’ increx'.ed the steam liccomes 
superhc.atcd and has the formula PI'* *“ = (7. Tables 1 and 11 
^vc the properties of dij' saturated steam and facta connected 
with steam generation. 

Table II gi\ca the properties of diy saturated sfeam for dilTcr- 
enccs of I lb. jicr sq. in. prcfc*ure and nuigca usual in steam- 
boiler practice. 
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The rate at which steotn is evaporated m a given boiler will 
depend to a conMderable extent upon the temperature at which 
the feed-water enters it The table on page 331 will illustrate this 
fact clearly and demonstrates the value of preheating feed-water 
m an economizer or otherwise 


B STEAM-BOILER PRACTICE 

Fuels. — ^There is a large variety of fuels adapted for steam- 
raismg Possibly the first m order of precedence is wood, which is 
equal to 40 per cent of its weight of coal, or 2 5 lbs. of wood cgual 
1 lb. of coal Some say 2 25 lbs of dry wood equal 1 lb of good 
coal The table here presented gives a comparison of some of the 
usual fireplace woods. 


One cord of hickory or hard maple . . . 
“ " “ white oak 

„ It .1 i^cech, red oak, black oak 

“ " “ poplar, chestnut, elm 

“ “ “ pine . 


Weight, Lbs. 

Coal Equiv- 
alent, Lbs. 

4500 

2000 

3850 

1711 

3250 

1445 

2350 

1044 

2000 

890 


Sharpless assumes a coal equivalent of about 10 per cent, less than 
that given above 

Coal and other solid fuels vary considerably in composition, as 
shown by these average examples' 


ANALYSES OP FtJEI3 



Water 

Volatde 

Matter 


Aah. 

Sulphur 

Anthracite (mixed) 

3 40 

3 50 

83 SO 

8 40 

0 00 






1 00 


1 20 

33 SO 

GO 00 

5 30 

1 00 

Lifraite . . 

Coke 

22 00 

32 00 

37 00 

89 00 

9 00 

10 00 

0 so 


Caiboa 

llydroecn 

O'JEtn 

K \lTogrii 

A^h 


50 0 

6 0 

41 0 

1 0 

2 0 


75 5 

2 5 



1.0 

Feat, dry and ash-free 

58 0 

5 7 


1.2 





WEIGHT PER CUBIC FOOT OF COAL AND COKE. 


Lbs per Storage for 

Cu Ft. Long Ton. 

Anthracite coal, market sizes, loose ..... 52-56 40^3 cu. ft. 


Anthracite coal, market sizes, moderately 

shaken . ..... ... 56-60 

Anthracite coal, market aze, heaped 

bushel, loose . . 77-83 


Bituminous coal, broken, loose . . .. 47-52 43-^8 

Bituminous coal, moderately shaken .. . 50-56 


Diy coke .... 23-32 80-97 

Diy coke, heaped busliel (a\-erage 38). . 35-42 

HEATING VALUE OP SO.ME FUELS. 

B.t U. 

Peat, Irish, perfectly dried, ash 4 per cent 10,200 

Peat, air-dned, 25 per cent moisture, ash 4 per rent 7,400 

Wood, perfectly dry, ash 2 per cent. • 7,800 

Wood, 25 per cent moisture 5,800 

Tanbark. perfectly dry, 15 per cent, ash 6,100 

Tanbark, 30 per cent, moisture . 4,300 

Straw, 10 per cent moisture, ash 4 per cent 5,45Q 

Straw, diy, ash 4 per cent.. . . 6,300 

Ljgmtes 11,200 


The above are approximate figures, for on such materials 
qualities are very variable 

Coal and coke are often measuivd by the bushel. The stand- 
ard bushel of the American Gaslight Association is 18i m. diam. 
and 8 in d‘‘ep=2150 42 cu i' A heaped bushel is the samo plus 
a cone 19i in diam. and 6 m. high, or a total of 2747.7 cu. in. 
An ordinal^ heaped bushel— li struck bushels=2G88 cu in »=10 
gallons dry measure. 

Crude p'trcleum = 7.3 lbs per gallon. 


ANTH1UCITE.COAL SIZES 


Sue and Name 

Thnni^ m Round llols 

Over a Round Hole 


11 inches diameter 

^ inches diameter 



ft " 

No 1 buckwheat. 

ft “ 

i “ 

“ Z “ . . . 

% " 

-h “ " 

" 3 “ orbarley. . .. 

ft " 

A “ 

Dust . . ... 

ft " 
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Comparative Values of Fucl.--Thc following table ebons the 
relative \alues of fuel Used in furnace practice, cither coal or coke 
with different i>ercentagcs of ash, shomng the influence of the’ 
latter. 



Approximately 1 43 to 1 54 lbs of petroleum of 7 3 lbs 
gallon equals, I III best soft coal It requires about 4 jxr cem^ of 
(he steam generated to operate the atomizing oil spray for a boiler 
this ijeing preferred to an air spray Probably 35,000 cu ft of 
natural gas mil in heating value to a ton of coal. 

Water Supply — The water-pipe vliould be ample in size so as 
not to restrict the flow should incrustations form Bends in the 
pipe also reduce (he delnerj' Weisbach gi\csthi3 formula for 
loss due to friction. 


where P=>loss m pressure, lbs- |>cr sq in , 

V=\clocity of flow in ft perscctmd; 

/=coefficieiit of friction found in the following (.able for 
various angles of bend. -I . 


A.. 20° 40° 4.)° 00° 


90° 


100 ° 


110° 120° JS0° ' 
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This applies to such short bends as are found in onimary fittings, 
such as and 45® ells, tees, etc. A globe valte will produce a 
loss about equal to two 90® bends, a straightway valve about equal 
to one 4o® bend. To use the above formula find the velocity V 
from the table, square this speed, and divide the result by 04 4; 
multiply the quotient by the tabular value of F, corresponding to 
the angle of the tuni -4. 

For example, a 400-h P- batterj' of boilers is to be fed through 
a 2-m. pipe AJlowmg for fluctuations we figure 40 gallons per 
minute, niakmg 244 feet per minute speed, equal to a velocity of 
4.06 ft. per second. Suppose our pipe is in all 75 ft. long, we have 
from the second table on page 3iS), for 40 gallons per minute, 1.6 
lbs loss, for 75 ft. we have only 75 per cent, of this, =1.2 lbs. 
Suppose we have six nght-angled ells, each gi\mg F= 0.426. We 
ha\e then 4 06X4 06= 10.48; divide this by 64.4=0.256. Multiply 
this by F=0 420 lb., and as there are six ells, multiply again by 6, 
and we have 6X 0 420 X0 256=0 654 The total friction in the pipe 
is therefore I 2 +0.054 lbs. per .«q. m. If the boiler pressure is 100 
lbs. and the water-lc\el m the boiler is Sfeet higher than the pump- 
suction level we have first 8x0 433=3 464 lbs. The total pres- 
sure on the purap-plungcr then is 100 + 3.464 + 1.854=105 32 lbs. 
per sq in. If in place of six right-angled ells we had used three 
45* ells, they would have cost us only 3x0 079=0 237 lb.; 0.237X 
0.256=0.061. 

The total faction head would ha\c been ldJO+0 061= 1.261 
and the total pressure on the plunger ]00+3.464+1.261 = 104.73 
lbs. per sq m , a saving o%er the other plan of nearly 0.6 lb. 

To be accurate we ought to add a certam bead in either case 
“to produce the velocity.’' But this is veiy small, being for 
velocities of 


2 

3 

4 

5 

c 

8 

10 


IS feet per sec. 

0.027 

0 061 

O.IOS 

0 ICS 

0 

0 433 

a 072 

f) 970 anil 

2.18 lbs. per sq. in. 


Our results should therefore ba\'e been mercased by about O.ll 
lbs. It is usual, however, to use larger pipes and thus to materially 
reduce the factional losses. 

The weight of water varies with the temperature as given by 
the table by C. A. Smith on page 330. 
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TADLUGIVIXG lUTU OF FLOW OF W\TEIl IN' FCCT PER MINUTE THROUGU 
PIPES OF \AlllOU& SlZEft. ion VARYING QUANTITIFS OF FLOW 


G&llons 

Dianieter, Icrlies 

M«aie 



U 

li 

3 

21 

3 



Jlh 

1 >» 

“N ■» 


<0 3 

19 .1 

1.3 5 

0 

10 

nil 

-M3 

137 

109 

01 

38 

27 

13 3 

lo 

G:ii 

3ii< > 

2.13 :> 

10.{ 3 

9] 5 

58 5 

40 3 

23 

■JO 

hi J 

i‘«0 

n 1 

21X 

122 

78 

51 

.10 G 

J'l 

lOUO 

r.l2 3 

202 » 


132 r> 

97 5 

1)7 5 

3S 3 

■10 


7J5 

•I’M 

•127 

IS3 

117 

81 

46 

<S> 


n57 5 

340 3 

i'll 3 

21.1 3 

136 5 

94 r, 

33.6 



oso 

f.2.N 

43«i 

211 

150 

108 

61 3 



1 iOi 3 

700 r, 

490 3 

27J 5 

175 5 

121 5 

09 

ftO 




313 

KW 

103 

135 

70 0 

73 



1177 3 

S17 3 

457 5 

292 5 

202 5 

113 

100 




KlOO 

010 

380 

270 

13.1 3 

123 





702 3 

4S7 3 

337 5 

101.0 

ISO 





913 

585 

405 

230 

173 





1007 5 

682 3 

472 5 

2GS.5 

200 





1220 

780 

340 

300 0 


LO«3IN PHESSURE DUE TO FRICTION 
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•WEIGHT OF WATER PER CUBIC FOOT AND HEAT-UNITS IN WATER 
BETWEEN 32“ AND 212“ P. 


Temp . 
Deg F 

Weight 

Pounds 

per 

Cubic 

Foot 

Heat- 

Temp, 
Deg P 

Weight 

PouoiU 

per 

Cubic 

Foot. 

Heat- 

d^'f 

Weight 

Pounds 

per 

Cubic 

Foot. 

Heat* 

32 

62 42 

0 00 

96 

62 07 

64.07 

100 

CO 98 

128.37 

34 

02 42 

2 00 

98 

62.05 

00.07 

102 

00 94 

130.39 

36 

02 42 

4 00 

100 

62.02 

08. as 

IG4 

00.90 

132.41 

38 

02 42 

6 00 

102 

62 00 

70.09 

ICO 

60.85 

134.12 

4U 

02 42 

8 00 

104 

61 97 

72.09 

108 

GO 81 

136.44 

42 

62 42 

10 00 

IOC 

61 05 

74 10 

170 

60 77 

138.45 

44 

62 42 

12 00 

108 

61 92 

70 10 

172 

60.73 

140.47 

46 

02 42 

14 00 

110 

01 89 

78 11 

174 

00 08 

142 40 

48 

62 41 

10 00 

112 

01 80 

80.12 

176 

00.64 

144 51 

60 

63 41 

18 00 

114 

61 83 

82 13 

178 

60 59 

140 52 

52 

02 40 

20 00 

110 

01.80 

81 13 

180 

00 55 

148.54 

54 

02 40 

22 Ot 

118 

61 77 

80 14 

1S2 

00 50 

150.56 

56 

02 39 

24 01 

121) 

01 74 

88 15 

184 

60.40 

152.58 

58 

02 38 

26 01 

I2i 

01 70 

90.16 


00 41 

154 60 

on 

02 37 

28 01 

124 

61 07 

92 17 


00.37 

156.02 

02 

(»2 36 

30 01 

120 

61 C3 

91 17 

190 

00.32 

158.64 

64 

62 35 

32 01 

128 

61 GO 

00 18 


60 27 

160 67 

GO 

02 34 

T34 02 

130 

61 56 

98 19 


GO 22 

162.69 

68 

02 33 

30 02 

132 

61 52 

100 20 


00.17 

164 71 

70 

02 31 

38 02 

134 

61 49 

102 21 

198 

60.12 

166.73 

72 

02 30 

40 02 

136 

Gl 45 

104 22 


60.07 

168 75 

74 

02 28 

42 0.1 

138 

61 41 

100 23 


00 02 

170.78 

76 

02 27 

44 03 

140 

61 37 

108 25 



172 SO 

78 

02 25 

40 03 

142 

61 34 

no 20 

2U6 

59 92 

174.83 

80 

62 23 

48 04 

144 

Rl 30 

112 27 


59.87 

176.85 

82 

02 21 

50 04 

140 

61 2G 

114 28 


59 82 

178.87 

84 

02 19 

52 01 

148 

61 22 

116 29 


59 76 

ISO 90 

86 

02 17 

54 05 

150 

61 18 

118 31 




88 

02 15 

50 05 

152 

Gl 14 

120 32 




90 

02 13 

58 00 

154 

61 10 

122 33 




92 

02 11 

GO. 00 

156 

61.06 

124 35 




94 

02 09 

62 00 

158 

61 02 

120 36 
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I^^^c water at G2 «lcp F wirIh 02 335 llw iK!r eu ft., or 8J 
lus. per L . Js }:alUm . 7.^^ ;;allun> *- 1 ru ft It lakes 30 lbs. or 3.G 
gallons of boiler fiiij-v»afrr for carli |jor><*-p()Hcr j)cr hour 


ut-^T nnN.smm.i> ui r«iNDiA-.i« sunrecus peu !5Qu.\re 


fttiT n It tiocK 

•••uffacc B t u. 

Srufjoth \cnic:J plane 40G 

^c^tlc.J plane with aU»ut .sti ' , '•iirfiue in ^l)^ or eor- 
^ nipattons . . 170 

•Smooth \iTijraJ pijM* Mirf.ue . -ISO 

Vcniral tiiljc with GT' , «tf Mirfiiee in (orruftalions. . . 221 
Honzi ntal tulu- or pijie 3G9 

Honamt.-U (ui.e with G?'; •>( ‘•iirfaec in cornigatioim 1S5 


.Yoft —Tin.-. tatJe i- torn-tt for rte.am of 15 to 22 lbs pres- 
sure, for n><l«Me in proportion (o temperature, except 

for cerry^tatttj ami nMicii Mirfaccs, whieh Icw^e 'co' raj?idJy for 
low feteam temi>cniture^ For hot water, 50 jier cent, of the tabular 
numljcn, U approximately correct. 


PElXE-ST-tCE OF ^AMSG FOll EACH Or.GnVZ OF JNCItCASD IN TEM- 
n.iuTi HE or h:i:u.uati.ii hectlu 
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WEIGHT OF WATER PER ClIBIC FOOT AND UEAT-UNIT3 IN' WATER 
BETWEEN 32* AND 212* T. 


Deg f' 

Weight 

PounUs 

per 

Cubic 

Foot 

Heat- 

Deeft* 

Weight 

FolUlde 

per 

Cubic 

Foot 

Heat- 


Weight 

Founds 

per 

Cubic 

Foot. 

Heat- 

uniU. 

32 

62 42 

0 00 

96 

62 07 

64.07 

160 

GO 98 

123.37 

34 

62 42 

2 00 

98 

62.05 

06.07 

162 

60 94 

130.39 

36 

62 42 

4 00 

100 

62.02 

68 08 

164 

60 90 

132.41 

38 

62 42 

6 00 

102 

62 00 

70 09 

166 

60 85 

134.42 

40 

62 42 

8 00 

■ 04 

61 97 

72 09 

168 

60 81 

136.44 

42 

62 42 

10 00 

lOG 

Cl 95 

74 10 

170 

60 77 

138.45 

44 

62 42 

12 00 

108 

Cl 92 

70.10 

172 

60 73 

140.47 

46 

62 42 

14.00 

no 

Cl $9 

78 11 

174 

60.68 

142.49 

48 

62 41 

16 00 

112 

61 SC 

SO 12 

170 

60.64 

144.51 

50 

62 41 

18 00 

114 

61 83 

82 13 

178 

CO 59 

146.52 

52 

62 40 

20 00 

116 

Cl SO 

84 13 

ISO 

CO 55 

148.54 

54 

02 40 

22 01 

118 

61 77 

SC. 14 

182 

CO. 50 

150.56 

56 

62 30 

24 01 

120 

Cl 74 

88 15 

184 

CO 46 

153.58 

58 

02 3S 

26 01 

122 

61 70 

90 10 

ISO 

CO. 41 

154. CO 

60 

02 37 

28 01 

124 

61 67 

92 17 

188 

GO 37 

156.62 

62 

62 30 

30 01 

126 

61 63 

94 17 

100 

CO. 32 

158. C4 

64 

62 33 

32 01 

128 

61 GO 

06 IS 

192 

GO 27 

160.67 

66 

62 34 

T34 02 

130 

61 56 

98 19 

191 

CO. 22 

162.09 

68 

62 33 

36 02 

132 

Cl 52 

>00 20 

196 

00.17 


70 

62 31 

38 02 

134 

61 49 

102 21 

198 

GO. 12 

166.73 

72 

62 30 

40 02 

13C 

61 43 

104 22 

200 

CO 07 

168.75 

74 

62 28 

42 03 

138 

61 41 

106 23 

202 

CO. 02 


76 

62 27 

44 03 

140 

61 37 

108 25 

204 

59.97 

172.80 

78 

62 23 

46 03 

142 

61 34 

no 26 

200 

59 92 


80 

62 23 

48 04 

144 

61 30 

■ 12 27 

208 

59 87 

176.85 

82 

02 21 

50 04 

146 

01.26 

■ 14 28 

210 

59 82 


84 

62 19 

.»2 04 


61 22 

116 29 


59 76 

ISO 90 

86 

02 17 

54 05 

loO 

61 18 

US 31 




ss 

62 15 

56 05 

152 

61 14 

120 32 




90 

62 13 

58 06 

154 

61 10 

■22 33 




92 

62 11 

GO 06 

156 

61 06 

124 35 




94 

62 09 

62 00 

158 

61 02 

126 36 
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Pure water at 62 deg. P weighs 62.355 lbs per cu. ft., or 8J 
lbs.pcrU.S gallon; 7.1S galloiis=l cu ft. It takes 30 lbs. or 3.6 
gallons of boiler fced-ualcr for each horse-power per hour 

1IE.VT TII.O.SMITTED DY COSDEXSUl SUBPACES PER SQUARE 


FOOT PEK UOUR 

burface B t u. 

Smooth \crtical plane . 406 

Vertical plane with about 80^ surface m nbs or cor- 
rugations . . . 170 

Smooth \crtical pijic surface 4S0 

Vertical tube with 67^ of surface m corrugations. . . 221 
Horizcntal smooth lulic or pipe 369 

Horizontal tube with 67''( of surface in corrugations 185 


iV6<« — Tills table is correct for steam of 15 to 22 lbs- pres- 
sure; for exhaust -steam reduce in proportion to temperature, except 
for corrugated and nbbed surfaces, wluch lose very rapidly for 
low steam temperatures For hot water, 50 per cent of the tabular 
numliera is approximately correct. 


PERCENTAGE OP SAVING FOR EACH DEGREE OP INCREASE IN TEM- 
rr.RATURE OF rEED-WATCU HEATED 


tcull*l 1 
‘iSd* 1 

1 FmturtotSiMminDoiltr, Lba petSq In above Atmoiiphere 

0 

30 

CO 1 60 1 80 { 100 ( 130 1 UO { 160 1 ISO I SOO 

40 

50 

GO 

70 

90 

100 

no 

120 

130 

no 

150 1 
1011 
170 1 
180 
190 1 
200 
210 1 
220 
230 ' 
240 
250 ' 

0S72| 

0S78' 

OSSCI 

OS94' 

09021 

09101 

0919 

0927 

0930 

0945 

0934 

OOC'i 

0973' 

09S2 

0992 

1002 

1012 

1022 

1033 

nsoii 

08G7 

08751 

OhSt 

OS90 

0>s9'> 

0907 

0915 

092.3 

0932 

0941 

0950 

09.'.9| 

0908, 

O07S| 

09881 

09981 

1008| 

lOlfel 

1029! 

10391 

1050 

10021 

10S2| KHSj KMt^ 103^ lOJlj 1027j 1025j 1022j.l0l9 
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MAXIMUM HEIGHT WATER CAN BE LIFTED BY SUCTION AT VARIOUS 
DISTANCES ABOVE SEA-LEVEL 


Hoebt Above Sea- 
level, in Feet 

1 A\ere£e Barometne Pre&sure 


Inches 

Lbs per Bd In. 


0 

30 00 

14 7 

33 9 

100 

29 &g 

14 6 

33.8 

200 

29 78 

14 6 1 

33 7 

300 

29 68 

14.5 

33 6 

400 

29 57 

14 5 

33 5 ’ 

500 

29 16 

14.4 

33 3 

COO 

29 35 

14 4 

33 2 

700 

29 2.5 1 

14.3 

33 1 

SOO 

29 14 1 

14 3 

32.0 

900 

29 01 

14 2 

32 9 

1000 

28 94 

14.2 

32 7 

1250 

28 67 1 

14 I 

32.4 

1500 1 

28 43 1 

13 D 

32 1 • 

2000 

27 91 

13 7 

1 31 6 

25Q0 

27 40 

13 4 

' 31.0 

3000 

26 92 

13 2 

30.4 

3500 

20 43 

13 0 

29 9 

4000 

25 90 

12 7 

29 4 

4500 

25 49 

12 5 

28 9 

5000 

25 02 

12 3 

28 3 

6000 

24 12 

11 8 

27 3 

7000 

1 23 28 

11 4 

20 3 

SOOO 

22 44 

n 0 

25 4 

9000 

21 64 

10 6 

24 5 

10000 

20 85 

10 2 

23 6 


— The licights p>en abo%o arc for a peifect vacuum. In practice, 
pumps null ordmorily lift water about eigiit-tentlis the height given. 


CHIMNCYS, 

The “proportions of chimneys” v.'ii3' ver>’ much according to 
the requirements. E\ery chimney should be large enough in 
cross-section to cairj’ off the gases and high enough to produce 
sufficient draught to cause a rapid combustion. The object of a 
chimney being to carrj' off the t\aste ga-ses, it naturally determines 
the amount of fuel that can be burnt jier hour, and it is advisable 
to have invaiiably a good draught, as it can always be regulated by 
a damper. 

Draught pressure is caused by the difference in weight betW’cen a 
column of hot gases in the chimney mid a column of air of equal 
height and area outside the chimney. 
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Fonnula for finding the force of draught lu incheo of ater fo. 
any gi\cn chmuicy: 

tihcrc F =forcc of draught m intlics of \sater, 

II =]icighl of clumne\ in feet, 

7’i=ab'olutc temperature of chimney gases (; + 460): 

T 2 = “ “ “ the external air (<i+460); 

i ={emjxiralure <»f clumncv gases, 

/i= “ " cxtenial air 

Formula for finding the height of a cluraney in feet for a given 
force of drauglit : 

n= 


To find the maxinium force of draught for any given chimney, 
the external air U-ing 00 deg F and the heated colunm being 
(XO deg. F , multiply tlie hciitht aliove the grate in feet by 0 0073, 
and the product ls the force of draught expressed in inchcb of water. 

William Kent, m lus “Mechanical Engineer's Pocket-book” 
(page.-! 734 and 730, 4lli lleMsed Ed ). gives the following: 

“The Sizes eonesjwnding to the gi\en commeicial horse-powers 
are ljehe\ed to lie ample for all cases ui which the diaught areas 
through the boilcr-flues and connections are huffiiient, say rot less 
than Iwcntj' per cent greater than the area of the chimney, and 
in which the draught lietwccn the boilere and cliinuiey is not 
checked by long honzoiital pas^a^^ ai d nglil -angled bends.” 

Note that the figures in table p. 336 correspond to a coal con- 
sumption of 5 »> coal jicrhoi.se-iwwci hour This hbci.al allowance 
is made to cover the contingencies of poor coal licing used, and 
of bnileiN Ixniig drii'en lievond their rated capacity. In large 
plants Willi economical lioilers and engine.-, good fuel, and other 
favorable conditions, which will reduce the inaxiiniini rate of coal 
coii-umption at any one time to less than 5 lbs per h p pci hour, 
the figures in the table may be multiplied bv the latio of fi\e to 
the maximum expected coal consumption per horse-power jicr 
hour Thus, with conditions which make tlie maximum co.-il 
consumption 2.5 lbs. per hour, the chitimey 3U0 ft. liighX12 ft. 
diameter ^lloul(l be sufficient for 6155X2= 12,310 li p The fomiula 
is ba-cd on the following data. 

Chimney Draught. — According to the data of tlie Green Fuel 
Economizer Co . 


F 
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1. The draught power of the chimney varies as tlio square root 
of the height. 

2. The retarding of the ascending gases by friction may be 


or the diminution of area equal to the perimetcrX 2 ins. (neglecting 
the overlapping of the corners of the lining). Let Z)=diameter 
in feet, .rl = area, and i’*effcciive area in square feet. 


For square clunineys, 

For round chimneys, =A— 0 59lvCi. 


For simplifying calculations, the coefficient ol V A may be 
taken as 0 6 for both square and round chimneys, and the formula 
becomes 

E-^-0.6n'-1. 


3 The power vanes directly as this effecti^c area E. 

4 A chimney should be proportioned so as to be capable of 
giving sufficient draught to cause the boiler to develop much more 
than its rated power, in case of emergencies, or to cause the com- 
bustion of 6 \h> of fuel per rated horse-power of boiler per hour. 

5. The power of the chimney varj'ing directly as the effecti%'o 
area E, and as the square root of the Iieight //, the formula for 
horse-power of boiler for a given size of chimney will take the 
form h.p =CE\,' II, m whicJi C is a constant, the average value of 
which, obtamed by plotting the results obtained from numerous 
examples in practice, the author finds to be 3.33. 

The fonnula for Iiorse-power then is 

liI,.-3 33£./S, or hp _3^3 (A-.Gv^3)v'/?. 

If the horae-power of boiler is gi\cn, to find the size of chimney, 
the height beuig assumed, 

=A-0.GV3. 

VJI 

For round cliinuiey.^ diameter of chimney == diameter of E-^4 ins. 

For square linmncjs, side of cIumiicy^V’E-t-q ins. 

If cffccti'e area E is taken in square feet, the diameter in incliea 
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Is d= 13 a4\/E+4 in«., and the «ide of a square chimney in indies 
i& s= 12 n' A’ + 4 ms 

If horse-power is given and area assumed, the Iieight 

In jiroportior.ing thnnncys the iicight is generally first assumed, 
with due consideration to the heights of surroundmg buildings 
or hills near to the projio^J chimnej', the length of IionzontuI 
flues the character of coal to lie used, etc , and then the diameter 
required for the assumed height and horse-jiower is calculated 
by the formula or taken from tlie table 

From those formula* the table on page 336 lias been calculated, 
assuming that for each horse-power 5 !bs of coal aro burned per 
hour 

WElOltT Ot <OCl, AND bTORAGL. 

21 bu^heK cokc“l cubic yard (English). 

72 “ “ =1 ton. 

Cannel coal. 4.5 tubu feet per ton 

Coal store should equal six weeks’ supply 

'spcri. orcbWLD plr ton os* dipplui.nt coals. 

MVislit iwr 
Cubic I'out. 

AAerage anthracite -39 cubic feet 58 25 lbs. 

“ bituminous =43 “ “ 53 “ 

Navy allowance for storage = 4S “ “ 

CORL 

23 to 32 lbs per cu ft 

Ton occupies from 8t) to 97 cu ft 

Coal in coking swells in bulk from 25 to 50 per cent. 

Coke and coal will evaporate about equal .amounts of water 
and about twice the amount of an equal weight of wood. 

COAL — ANTIIKAriTl*. 

Actual weight about 93 5 lbs j«r cu ft. 

Itrokcn (a\eragc) .)2 to GO lbs per cu ft. 

Ton occupies from 40 to 43 cu ft. 

CO AL — BlTAJMlNOL -4. 

Actual weight alnnit 84 ll>s per cu. ft. 

Broken faAemge) 17 to 50 lbs per cu. ft. 

About 70 to 78 Ills per bu. 

Ton occupies 13 to 48 cu ft. 

Coal when broken increases m bulk up to 75 per cent. 
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PEBCUNTAGi: OF THE TOTAL UEAT VALUE OF THE COAL UEPBESDNTED 
BY THE VARYING AMODNTh OF CO2 IN FLUE-GAS.* 


CO„ 

Per Cent 

3 

4 . 

5 

6 

7 

8 
9 

10 


Heat Value of Coal, 
Per Cent 

... 5.3 
.. . 8.0 
10.8 
13.7 

. . 16.6 
. . 19.6 
. 23.0 
.. 26.5 
30.0 


• From H U. Campbell’a work on the Manufacture of Iron and Steel, 
page 243. 
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DIMENSIONS OF CIRCLES, FOIVEBS, AND ROOTS-lCon/irtued). 


Number or 
Diameter 

Circum- 

ference 


Square 

Cube 

Square 

Root 

Cube Root 

:u 

106 81 

907 92 

1156 

39304 

5 830 

3 239 

35 

109 96 

962 11 

1225 

42875 

5 916 

3 271 

SG 

113 10 

1017 88 

1296 

46656 

6 000 

3 301 

37 

116 24 

1075.21 

1369 

50653 

6 082 

3 332 

38 

119 38 

1134 11 

1444 

54872 

G 164 

3.361 

39 

122 52 

1194 59 

1521 

59319 

G 244 

3 391 

40 

125 66 

1256 64 

1600 

64000 

G 3-26 

3 419 

42 

131 9.j 

1385 44 

1764 

740S8 

6 480 

3.476 

44 

138 23 

1520 33 

1936 

85184 

6 633 

3 530 

46 

144 51 

1661 90 

2116 

97336 

6 782 

3 583 

48 

150 SO 

1809 56 

2304 

110592 

6 92S 

3 634 

50 

157 08 

1963 50 

2500 

125000 

7 071 

3.084 

52 

163 36 

2123 72 

2704 

140608 

7 211 

3.732 

54 

169 05 

2290 22 

2916 

157404 

7,348 

3 779 

56 

175 93 

2463 01 

3136 

175616 

7.483 

3 825 

58 

182 21 

2642 as 

3.364 

195112 

7.615 

3 870 

00 

188 50 

2827 43 

3600 

216000 

7.745 

3 914 

62 

194 78 

3010 07 

3844 

238328 

7.874 

3 957 

64 

201 06 

3216 99 

4090 

262144 

8 000 

4 000 

66 

207 34 

3421 19 

4356 

287490 

8 124 

4 041 

68 

213 63 

3631 68 

4624 

314432 

8 246 

4 081 

70 

219 91 

3848 45 

4000 

313000 

8.306 

4.121 

72 

226 19 

4071 50 

5184 

373248 

8.485 

4.160 

74 

232 48 

4300 84 

5476 

405224 

8 602 

4 193 

76 

238 70 

4536 46 

.■>776 

438076 

8.717 

4 235 

78 

245 04 

4778 36 

0084 

474552 

8 831 

4 272 

80 

251 33 

5026 55 

C400 

512000 


4 SOS 

82 

257 61 

5281 02 

6724 

551368 

9 055 

4 344 

84 

263 89 

5541 77 

7056 

592704 


4.379 

SC 

270 18 

5808 8*} 

7390 

C3G05C 

9 27.1 

4.414 

88 

276 46 

6082 12 

7744 

681472 

9 380 

4.447 

90 

282 74 

C3C1 73 

SlOO 

729000 

9.486 

4 481 

92 

289 03 

6647 Cl 

8464 

77SG88 

9 591 

4 514 

94 

295 31 

6939 78 

8836 

830584 

9 695 

4 546 

96 

301 59 

7238 23 

9216 

884736 

9 797 

4 578 

98 

307 88 

7542 90 

9604 

941192 

9 SDO 

4 610 

100 

3l4 16 

7853 98 

HHIOO 

inouooo 

10 000 

4 641 

102 

320 41 

8171 28 

104QI 

1061208 


4 672 

104 

326 73 

8404 87 

lasio 

1124864 


4 702 

106 

333 01 

SS24 73 

11236 

1101016 

10 295 

4 732 

108 

339 29 

9160 88 

11664 

1259712 

10.302 

4.762 

no 

345 57 

9503 32 

12100 

1331000 

10 4b.S 

4.791 

113 

351 80 

9852 03 

12544 

140492S 


4.820 

114 

358 14 

10207 03 

1299G 

1481.544 


4 848 

116 

364 42 

10568-32 

13456 

15C0S9G 


4 876 

118 

370 71 

10035 88 

13924 

1643032 

10 862 

4.904 

120 

376 99 

11309 73 

14400 

1728000 

10 954 

4.932 

122 

383 27 

11689 87 

14SS4 

1815848 

11 045 

4.959 
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TABLE OF DIAMETERS. CIRCUMFERENCES, AND AREAS OF CIRCLES. AND 
SIDES OF EQUAL SQUARES— (Conitrtu<i) 


Diam 

Circum- 

fereoce. 

A,™. 

SHiraof 

SquAre. 

D““ 

Circum- 

lerence 

Area. 

Sides of 
Equal 
Square. 

no 

345 575 

9503 34 

97 485 

121 

380.132 

11499.0 

107 334 

110} 

346 360 

9546 5{ 

97 707 

121 

380 918 

11546.0 

107 455 

llOJ 

347 146 

9589 9^ 

97.928 

121 

381.703 

11594 2 

107.677 

110} 

347 931 

9033 37 

98 150 

1211 

382.489 

11012.0 

107. 898 

111 

348 710 

9770 91 

98 371 

122 

383 274 

nOS9 8< 

108.120 

nil 

349 502 

9720 55 

98 503 

I22i 

384,059 

11747.8 

108.341 

iin 

350 287 

9764 25 

08 814 

I22i 

384 845 

11785 9 

108.563 

111} 

351 073 

9S08 12 

99 036 

122} 

385 630 

11S34.0( 

108.784 

112 

351 858 

9S52 06 

99 258 

123 

3S6 416 

118S2 3.. 

109.000 

11 J1 

352 643 

9896 09 

99 479 

123i 

387.201 

11930 6* 

109.228 

1121 

353 429 

9940 2. 

99 701 

123J 

3S7.9S6 

11979. n 

109.449 

ll2f 

354 214 

9084 45 

99 922 

123) 

388.772 

12027 6i 

109 671 

iia 

355 000 

10028 77 

100 144 

124 

389 657 

12076 3 

109.893 

113} 

355 785 

10073 2( 

100 365 

124i 

390 343 

12125.0. 

no 114 

1131 

356 570 

10117 71 

100 587 

J24i 

391 128 

12173 91 

JJ0.S35 

113} 

357 350 

10162 34 

100 80S 

124} 

391 913 

12223.8* 

no 657 

114 

338 141 

10207 OO 

101 030 

ir> 

392 600 

12271. SI 

110.778 

114} 

358 927 

10251 85 

101 252 

125} 

393 484 

22321.0: 

111 000 

lUl 

359 712 

10290 7£ 

101 473 

125J 

394 270 

12370 2S 

ni .222 

1141 

300 497 

10341 Sf 

101 695 

iraj 

395 055 

12419.6} 

111.443 

II.S 

301 283 

103SG 92 

101 916 

126 

395 810 

12409 o: 

111.665 

115} 

302 0C8 

10432 12 

102 138 

126} 

396 026 

12518.5^ 

111 8S6 

ll.-)} 

302 854 

10477 43 

102 359 

120} 

397 411 

12.568 17 

112.103 

115} 

303 039 

10522 8-; 

102 581 

120} 

398 197 

12617. 8£ 

112.329 

IIG 

364 424 

10568 3-' 

102 802 

127 

393 982 

12667.72 

112.551 

110} 

305 210 

10613 94 

103 024 

12/} 

399 707 

12717.6-1 

112 773 

116} 


10G59 05 

103 246 

127* 

400 553 

127G7.CC 

112 991 

116} 

3G6 780 

10705 44 

103 407 

127} 

401 338 

12817. 7f 

113.210 

117 

307 5GG 

10751 34 

103 6S9 

128 

402 124 

I 2868. or 

133.437 

117} 

303 351 

10797 34 

103 910 

128} 

402 909 

12918.31 

113 059 

117} 

369 137 

10843 43 

104 132 

128* 

403 091 

12968 7: 

113 SSO 

117} 

309 922 

10889 o: 

104.353 

128} 

401 4S0 

13019.2? 

114 102 

118 

370 708 

10933 91 

104 575 

129 

40.5 265 

130C9.S1 

114 323 

118} 

371 493 

10982 30 

101 796 

129} 

400 051 

13120.55 

114 545 

118} 

371 278 

11028 75 

105.018 

129* 

400 &3C 

13171 35 

114.707 

118} 

371 004 

11075 37 

105.210 

129} 

407 021 

13222 2C 

114.088 

119 

373 849 

11122 05 

105 461 

130 

408 407 

13273.26 

115 210 

119} 

374 035 

II168 83 

105 6S3 

130} 

409 192 

13324 36 

115.431 

119} 

375 420 

11215 71 

105 901 

130} 

409 977 

13375.56 

115.653 

119} 

376.205 

11262 09 

106.126 

130} 

410 703 

13426.85 


120 

376 991 

11309 7C 

106 317 

131 

411 518 


130 000 


377.770 

11350 93 

100.569 

131} 

412 334 

13529.7- 

130.317 


378.562 

11404 211 

lOG 790 

131} 

413 119 

13581.. 33 

110.539 

120} 

379.347 

11451 .'.7 

107 012 

ml 

413 904 

1.3G.T3 O: 

110.701 
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TABLC OFDHJJETERS, CIUClUI-EnENXES, ANU AULAS OK CUlCLlJ AND 
glDtj OF CQL'AL SQUAiUIa— ’ ' 



Ctfcum. 

Are4 



Di«m 

Circum- 







■ 

*9“ 

»re 






13’ 

414 

090 

13084 

Si 

lie 

982 

143 

449 

247 



13’} 

415 

475 

13736 

<( 

117 

201 

143} 

45i; 

033 




410 

200 

13788 

68 

117 

425 

143} 

45C 

SIS 

16173.15 


13J} 

417 

940 

13840 

76 

117 

047 

143} 

451 

CIM 

16229.55 




S31 

13892 

94 

117 

S6S 

144 

452 

3S0 



133} 

418 

617 

13945 

2. 

118 

090 

144} 

453 

174 

103.14.00 





13907 

61. 

IKS 

311 

144} 

453 

900 

10399.35 




1S8 

14050 

07 

118 

511 

144} 

454 

745 

10450.14 

138.281 

134 

420 

973 

14102 

64 

118 

"A} 

145 

455 

531 




421 

VSS 

14155 

31 

118 

970 

145} 

450 

310 



134} 

422 

544 

14203 

O' 

119 

198 

14^ 

457 

101 




423 

320 

14200 

9'> 

119 

419 

No] 

457 

8X7 

10081.30 




115 

14311 

9. 

119 

041 

NO 

451! 

072 



130} 

424 

900 

14300 

O' 

no 

802 

NO} 

45'J 

458 

10798 97 


133} 



14420 

14 

120 

0S4 

NO} 

40(J 

243 






1 4473 

4C 

120 

305 

146} 

461 

028 

16914 03 

130 05] 

130 

427 

230 

14520 

70 

120 

527 

N7 

401 

814 

IC071 71 




042 

145S0 

‘21 

1-20 

749 

147+ 

402 

.“.9!) 



130} 

428 

827 

14033 


120 

970 

147} 

103 




133} 

429 

612 

140S7 

42 

121 

192 

147} 

404 

170 

1714.') 3^ 



430 

398 

14741 

12 

121 

413 

148 

464 

!)55 



137} 

431 

183 

14795 

0? 

121 

0.1') 

148} 

465 

741 



137} 

431 

909 

14848 

97 

121 

856 

148} 

460 

526 



137} 

432 

554 

14903 

01 

122 

078 

148} 

407 

312 

17378 20 

131 820 

13S 

433 

539 

14057 

10 

1?2 

799 

149 

4CS 

097 

17436 67 


138} 

434 

325 

15011 

4fJ 

122 

.>11 i 

149} 

408 

882 

17495 22 



435 

110 

15005 

74 

122 

741 

149} 

469 

068 



13S} 

435 

890 

15120 

18 

12‘2 

964 

149} 

470 

453 

17012 64 


139 

430 

081 

15174 

71 

123 

186 

150 

471 

239 

17071 5C 


139} 

437 

400 

I >229 

35 

123 

407 

150} 

472 

024 

177.30.45 


139} 

438 


15284 

08 

123 

029 

1.704 

472 

809 

17789 51 


139} 

4jy 

037 

15333 

91 

12.1 

850 

150} 

473 

595 

17848 60 

133 599 

140 

430 

823 

15393 

84 

124 

072 

151 

474 

380 

17907 91 


140} 

44C 

0118 

15148 

87 

124 

291 

151} 

475 

165 

17S07 2,- 


140li 

441 

393 

15503 

W 

121 

515 

151} 

475 

951 

1S02G.7( 


140} 

442 

179 

15559 


124 

737 

151} 

470 

736 

ISnSC 24 


141 

442 

904 

15014 

.84 

124 

958 

152 

477 


1SN5 88 


141} 

44J 

750 

i:.ofi9 

9C 

125 

180 


478 

307 

18205.6: 


141} 

444 

535 

15725 

48 

125 

401 

153} 

479 

092 

18265.46 


141} 

415 

320 

15781 

00 

125 

021 

152} 

479 

878 

18325 39 

135 371 

142 

440 

100 

15830 

81 

125 

844 

153 

480 

603 

18385.43 


142} 


891 

15892 

02 

120 

060 

153} 

481 

449 

1S445.56 


142} 


677 

15948 


120 

287 

153) 

482 

234 

18505.79 


U2J 


402 

IC004 

54 

120 

509 

153} 

4S3 

019 

IS.', GO. 12 

136 258 
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AMERICAN GAS-ENGINEERING PRACTICE. 


TABLE OF DIAMETERS, CIRCUMFERENCES. AND AREAS OF CIRCLES. AND 


SIDES OF EQUAL SQUARES— (Con/tnuerf), 


Dam. 

C«cuni- 


^lesof 

Dam. 

Circum- 

A.». 

Sidea of 

Square. 

154 

483 S05 

1SG26 55 

130 479 

165 

518.302 

21382.52 

140 228 

154i 

484 590 

18687 07 

136 701 

165} 

519.148 

21447 3i 

146 449 

15-ij 

485 376 

18747 CS 

136 922 

65} 

519 933 

21512.31 

1 16 671 

15-1 i 

486 161 

18S08 42 

137 114 

16S| 

520.719 

21577 3 

146.892 

155 

4S6 946 

18869.24 

137 365 

’C6 

521 504 

21642.48 

147.114 

1551 

487 932 

18930 15 

137 587 

160} 

522.290 

21707.72 

147 335 

1551 

488 517 

IS99I 17 

137 808 

1604 

523 075 

21773.00 

147.557 

155| 

480 303 

19052 28 

138 030 

66} 

523 860 

21838.49 

147 779 

15C 

490 088 

19113 49 

138 252 

167 

524 646 

21904.02 

148 000 

15Gi 

490 873 

19174 SO 

138 473 

•67} 

525 431 

21909.65 

148 222 

156i 

491 G59 

19236 21 

138 695 

167* 

526 216 

22035 OS 

148.443 

150} 

492 444 

19207 72 

138. 916 

1673 

527 002 

22101 2] 

148 665 

157 

493 230 

19359 32 

139 138 

mnfl 

527 7S7 

23167. IJ 

148.856 

157} 

494 Olo 

19421 03 

139 359 


528 573 

22233.15 

149 108 

157} 

494 SOO 

19432 83 

139 .‘>81 


529.3.58 

22299,21 

149.329 

157} 

495 5S6 

19544 73 

139 802 

IL^I 

530 143 

23365 49 

149.551 

158 

490 371 

19G05 73 

140 024 

169 

530.929 

23431.81 

149 773 

158} 

497 157 

19068 82 

140 240 

169} 

531 734 

22408 22 

149 094 

158} 

497 942 

197.11 02 

140 407 

109} 

532 .500 

22564.7-! 

150.216 

158} 

498 727 

1079.3 .P 

no 089 

»6!>f 

53,3 2S5 

22831 35 

150 437 

150 

499 513 

198.35 7( 

140 910 

170 

534 070 

22693.06 

150.659 

150} 

500 298 

199I.S 

141 132 

170} 

534 856 

22764.87 

150 8S0 

159} 



141 35.1 

1704 

.5,15 641 

22831 77 

151 10-J 

150} 

501 860 

200J3 4C 

141 575 

170} 

53G 426 

22898.79 

151 323 

ICO 

502 634 

20106 24 

141 790 

171 

537 212 

22965. SS 

151 54.5 

100} 

503 440 


142 018 

171} 

.537.097 

23033 08 

151 707 

100} 

504 225 

20232 It 

142 240 

I7U 

538 783 

23100 38 

1.51 988 

100} 

503 oil 

20295 U 

142 461 

171} 

539 568 

23167.78 

1.52 210 

161 

503 796 

20358 35 

142 C83 

172 

540 353 

23235 27 

152 431 

101} 

500 58 1 

20421 6? 

142 904 

172} 

541 130 

23302.87 

152 G53 

101} 

507 367 

26485 Of 

143 I2C 

17-24 

541 924 

23370.. 5C 

152 874 

101} 

508 152 

20548 47 

143 347 

17-.} 

542 710 

23438 35 

153.090 

102 

503 938 

20012 6' 

143 569 

173 

543 495 

23506 24 

153 317 

lO-.!} 

509 723 

2007.5 7( 

143 790 

173} 

.544 280 

23574 22 

153 539 

1021 

510 .508 

20739 47 

144 012 

173} 

545 066 

23642 31 

153 701 

102} 

511 291 

20vS0.3 3i 

144 231 

173} 

545 851 

23710. 4S 

153. 9S2 

163 

512 079 

20807 20 

144 455 

174 

540 637 

23778.77 

154 204 

163} 

512 8G.> 

20931 .35 

144 677 

174} 

547 422 

23847.1.5 

154 425 

16.3} 

513 050 

2099 > 51 

144 898 

174} 

548 207 

23915. 6.3 

1.54 647 

163} 

614 435 

21059 70 

145 120 

174} 

548 993 

23984.20 

154 SOS 

164 

515 221 

21124 12 

145 341 

17.5 

549 778 

24052 88 

155.000 

164} 

ipgriTjai 

21188 51 

145 56.1 

17.5} 

5.50 .564 

24121 0.5 

1.55 311 

1044 

.310 792 

21253 12 

145.784 

17.5} 

.5,51 340 

24190.52 

1.55.533 

164] 

517.577 

21317.77 


175} 

552 134 

24259. 4S 

155.755 
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Table or oumeters, cniccaFciiENCEs. a.\d art^s of circles, and 
slUEa or EOUAL t»QU ARES— (CWir.u«i) 


Ditm, 

Cirrunj- 

Area. 

^ual 

D““ 


... 

'Equal 

Square 




1.W 97C. 

ISS 

590 619 

27759 lb 

166 on 




156 198 

ISbt 

591 404 

27833 0.1 

1C6 832 




1.5G 419 

IS&l 

592 190 

27907 0^ 

187 054 

I7G{ 



lie G4I 

188} 

592 975 





156 S62 

189 

.193 70! 

26U85 2( 





157 0S4 

IS9V 

594 546 

2S129 5( 





157 305 

1801 

595 331 

2S203 91 

167 940 




157 527 

189} 

596 117 

2S278 3b 





157 749 

190 

590 902 

28352 9-1 





157 970 

190} 

597 CK7 


loS 605 

ITSi 



I5S 192 

1901 

598 473 





153 413 

1901 

599 258 






15S 635 

191 

600 044 



1791 



158 850 

191} 

COO 829 





159 07.3 

1911 

601 614 






159 209 

191} 

002 4(K) 






159 521 

192 




1 r ri 1 



159 743 

192} 

003 971 


170 377 




159 964 

1921 

004 756 






IGO ISC 

192} 

005 541 





100 407 

191 




ISM 

ISU 

I8ii 



ICO 029 

19.1} 

007 112 


171 264 



ICO 850 

19.14 



171 466 



161 072 

lOlf 

60S 633 

294S3 li 

171 707 



101 291 

194 

609 468 

29559 3, 

171 923 

IW} 

\S2h 



161 51.5 

194} 



172 150 



IGl 737 

1941 

611 019 

20711 Sb 

172 371 


3(3230 i: 

101 958 

194} 

011 825 

297S8 31 

172 593 




162 180 

195 

012 610 

29804 84 

172 814 



20374 17 

162 401 

195} 

613 39.1 

29941 46 

173 om 

IWi 

183? 


2G44G-1P 

162 623 

1951 

614 181 

30018 IP 

17.3 258 


20519 2! 

162 841 

l9.-.f 

614 900 

30095 01 

173 479 


20590 .1( 

IG3 066 

190 

015 752 

30171 93 

173 701 

1K4} 

lS4i 


2C0G2 H 

163 287 

196} 

016 .137 

30248 95 

173 923 



163 509 

1901 

617 .322 

30320 OD 

174 144 


2GS07 7: 

163 732 

190} 

618 108 

30403 2S 

174 365 



2(3&.SO a; 

163 952 

197 

618 893 

304SO 5t 

174.587 



26953 0 

164 174 

197} 

019 079 

305K8 OC 

174 SOS 

lb5i 



IW 395 

1971 

620 404 

30C35 51 

175 030 


2709S 7 

164 617 

197} 

021 249 

30713 12 

175 252 



27171 7l 

1(>4 838 

108 



175 473 



272-14 7: 

165 000 

198} 

622 820 

30808 65 

175 095 



27317 !)! 

165 282 

198* 

623 006 

30940 53 

175 916 



27391 2- 

165 503 

losl 

024 291 

31024 5J 

170.138 



27404 0. 

165 725 

199 

025 176 

31102 63 

170 359 


5S8 2D3 

275.3S 1 

16.3 946 

1991 

023 002 

311S0 S2 

176.581 



27G1I 7 

1(>6 168 

199* 

026.747 


170 S02 

I87i 

.189 83-1 

270S5 1 

166 3S9 

1 

627 5.^3 
028 31S 

31337 4f 
31415 9S 

177 024 
177.246 
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DECIMAL EQUIVALENT OF AN INCH 


Sths 

A “ 5025 

H » 53125 


140625 

li = .578125 

i => 125 

R =■ 6S75 

H 59375 


171875 

11 = .609375 

1 = 250 

H = 8125 

» » 65625 


.203125 

ti = .640625 

375 

H = 9375 

ii = 71875 


234375 

H = 671875 

J =■ 500 


« = 78125 


265625 

H - .703125 

* = 625 


H = 84375 


.296875 

I H -.734375 

i = 750 1 

A= 03125 ! 

» 00625 


328125 

»1 -.765625 

i = 875 1 

A = 09375 1 

U = .96875 


.359375 

tt - 796875 


A = 15625 



390625 

1 Ji = .828125 


A ” 2 lS<o 

64ths. 


.421875 

tl - 859375 

A » 0625 

A = 28125 

A - 015625 


453125 

H = .890625 

A- 1875 

H - 34375 

A = 046875 


484375 

11 - .921875 

A= 3125 

« - 40625 

A -= 078125 


515627 

tl - 953125 

A - 4375 

H = 40875 

A - 109375 

11 = 

54CS75 

li - 984375 


LOGAIUTIIMS OF CONVENIENT CONSTANTS. 
OiMnptI#<l by J J Cl»rk 


Number 

Loeanthm 

IlKtprocal 

Locanlhffl. 

ir-3 1416 

4971509 

3I830D 

I 5028491 

7854 

i 8950909 

1 273237 

.1040001 

s>- 0 86905 

9913018 

10132 

i 0056982 

VV- 1 772457 

2485755 

5641888 

i 7514245 

564189 

i 7514245 

1 772456 

2485755 

^32 16 

1 5073IC0 

0310945 

3.4926S40 

^9=16 08 

1 2062SC0 

06218906 

3.7937140 

27—04 32 

1 8033460 

01554727 

1916540 

8 019974 

9041730 

124C8S7 

i.095S270 

leu m water wcislis 03617 lbs 
Water-column l"xl"xl' wct^is 

S 5583485 

27 64723 

1.4416515 

43403 lbs 

Water-column V d Xl' weighs 

i 0375197 

2 3039SS 

.3624803 

340S8 lbs 

i .*>326015 

2 933584 

.4673985 

11b water-column l"Xl"X2304' 

1 3024825 

434a278 

i 6375175 

11b wator—column l"d X'29B0' 
1 cu ft air at 32* P and 30" llg 

4674009 

340S78 

i 5325991 

woiclis 0S073 lbs 

8 9070350 

12 387 

1 0929650 

I gaJ lljt) weighs H 355 lbs. 

1 cu. ft.ll.O coDtains 7 48 gaL . . . 

9219465 


i 0780535 

S7390I0 


i.l2C09Sl 

147 

1 1673173 

06SO'-’721 

3 8320827 

1723. 

3 2375437 

0005787037 

4 7624503 

778.. .. . ... 

2 S90979G 

0012S5.347 

S. 1090204 

144 . .. 

2 1583025 

00694445 

.1 8416.375 

12 

1 0791812 

0S33333 

3 920S1SS 

33000 .... 

4 5185139 

0000303 

5.4S14S61 
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LOGARITHM OF NUMBCRS FROM 0 TO 1200 



In.UcM of t^jnvrithms 
LoK 4030-3 t<0^30 
•• 403-2 C0530 


Log 40 3-1 (41330 | 

•• < 03- (41330 f 

- 403- (4»30 I 

Log of 3003 

LoKor50>41 -3 70415 
Prop fcO X IXn 3 - 430 

Los miinml — 3 701SU 
Find bumhcr of Los 3 771443 
of SUOO- 3 77A)>SO 



iIATHEM.\TICAL TABLES 


3c5 


LOG4rtirifM OF Nt'MOERS FROSI 0 TO 1200— CooOnbfrf 

~i i i r"j~i i i i r~ 



To multiply by logsnlbm* odd the loptntbiaa together end find the correspondjog 
number * 

To divide by lognnthm* subtmet one from the other 

To extrsct the root divide the loenntlim by the index of the root end find the num- 
ber cnrreepondmg to it 

To rmee n number to eny midtipiT die logarithm by the index of the poirer 
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AMERICAN GAS-ENGINEERING PRACTICE. 


LOGARITUM OF NUMBERS FROM 0 TO 1200— Continued. 


Involution — Tbc number earned fmm the manflMa to the chaKuitnttit bemc poai« 
ti\e. mu«t be dedurted from Che nesMive rhsractenetic 
ExampU ^Fiod the 2(b power «( OS or the value of .OS*. 

Lo* 05-2 09597 __ 
thenJxS •iO 


EroLOTtON— If the nepetn* ebererteneiie be not dinsible without a remainder by 
the index of the required ro»i. tbe num^ of unite euflieienl to make it no divinhle must 
be added to it, aoit the same nuinber of unite must also be added to tbe mantiBsa before 

dit ISIOQ 

fTxampi* —Find the value of OOOOOOJ12S 
Log 0000003I2S-7 

then 7+3-10, and fO-i-5-2 

and 3 49fSS-i-5> G9S97 

Therefore log ■i'.0000003'2S-2 <>9S97>log of 05 
raoroBTiov Bv LoaaaiToiis 

Add together the logarithms of the 2d and 3d terms, and from Itheir sum subtract 
the logarithm of (he first Irrm. then the numlier corresponding to the logarithm (J the 
remainder givre the reqoircd answer 
EiampU —03 30 13 70 . 79 40 T 

Log It 70-1 13672 
lx)g TO 40-1 59333 



^LVTI1EMAT1CAL TAKLIZS. 


VALUES OF SQUARES, CUBES, SQUARE ROOTS, AND CUBE ROOTS OF 
NUXIBERS I TO 100 

N. Cl. I I a lU. k.„.| o„b.. |te’ I a 
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AMERICAN GAS-ENGINEERING PRACTICE. 


LOGARITHM OF NUMBERS FROM 0 TO \ZOti—ConUnutd 
o|l|2[3ji|5[6|7|8|9 | Prop. 


i '“I '"I r 




'i ‘‘i ‘ r ‘ 'i *1 


J Li- 


sa 


IvvofcnTjoM *vo E'oitfTio'f or Foactiosb wt Loa*wrn>i« 

^ Is • logarithm the integer ii called (be eh^ractentUt, ood the cleciiDtl portino the man- 

Ii(TOt.nTio>< — Tbe oumber carried from (he to the fA«rfirt»ri*/(c being pom* 

ti>e, murt he dedurte<i from the nejcMive charactenetir 
EMmplt —Find the dth power of 0 $ or (he value ol .(B*. 

Log .0S-2 69SW _ 

(hen 2X5 •ID 


aad C9S97XS*5 4f)«55 


Log 0000002125-7 

thea 7-f-3 •- 10, and lO-t- 
and 3 4S4S5^ 


clog V 00(l0003'25--2 64SC7-log nf 05 
’ LooMurnuB 

. * • 3d term*, and from Itfaeir sum eubiract 

• her correrpoodiag (o the logarithcu of Ihe 


Example —r, 8 30 13 70 


79 40 7 

» 70-1 13573 
Ix>g 7D 40-1 S0»>3 


Sum 3 OVAt 
Log <» 30-1 53143 

DiS I aU22-log ofiS 03. 

The rommaa logantlms of any ouinljer is the power to which, if 10 he raised, (he said 
number u (he result, thua 

I0> — lOOthrreforelog — 2 

Ipan - 21(3 • - 3 (2 

I 0 _»« 0263 •• _ 2 <2 



iLVTIiE.\LVna\L TABLl^. 


VALUES OF SQUAIICS. CUBF3 SQUARE ROOTS, AND CUBE l-UiT^ - 
Nl-MULHS I TO ICO ‘® '■ 
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I- 3 U159 

0 4971499" 

46450 

0 10132 

1 0a$l>952" 

— -0 31831 

r»=- #.SC96 

0 6042906" 

V^- 0 54619 

1 77245 

0 2455749" 

•j-0 78539S 

>>-31 (KKi28 

J 49I449C" 

^-0 52359 


I,oe. 

0 If57I60" 

1 50:8503" 
T 7373«7" 
I 4950399" 
T 7189986" 


Are»of eirele-jd’-Kr* r«i»<Jiu« -O TSil 

Area «f cUip9« — trass' era< axisX *851 <(onjgesie ».xiib>o 5. aberes and b ara lengtba 
of tbe t»o •ecu-axee 

»>jT{ae*of •i'bera— iid> — 4«r» d-diao»n«t 4x«U $601 
biirfaceof otinder~area of both ends > lenaibxJiamfter 
aurfaca of euoe>*ar«» of ba»«+tit<untfer«nce of hasex ^ sLiat beiebt 
\olum« of sphere • ^('S I8$S— d*xO S236,ir , ^d) 

Volume of r> Under-- »r*4 r — radiiiaof l>aee A — hoi^l 
Volume of cone or pyrsnud^area of ba>«xl j>erpen(li<-ti]ar height 
Volume of frustum of cooe-0 SOIS where D and d~cliacaeteri of 

caeh end rnd H -perpeajiculer bncbl 

Volume of en*k coneiJered a* middle friatura of a prolate ephetvid 


o-i/SES. 


Capacity in gallons - OOlllfi 


• of Twaddle s hydiomelrr into S G (water ~ 1000). multiply by 5, and add 
laler-^lOOn) into deicreen Twaddle, subtract 1000, and divide b> 5 
r - 1 to 8 t: , 7/ i. multiply lo 14 44« 
r - 1 to 8 G , air » I. multiply by 0 (10926 


K “Milupie of IkkIv weiEhed 
w-»vohnne of iho weigtila 
• — ipecihc eravily of air (wci 
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E> the areit id giillon* ii meant the number of fsnlloni vblrh Are contained by a ct Iin- 
der having the circle as base, and » hn^t of one inch. Thie lal^i^can be^mplojed fnr 
calculatmc the area of ellipses, eccordmE to the formula Area = '-' ^ where a is 

the area of the cirrle, having the transverse diameter of the ellipse as its diameter, 
B the area of corresponding circle for the rongresate diameter, and (a~B) the area of 
A circle having the difTeren*e between ths tmnsverae and rongregate diameters as its 
(hameter. the various diameters bnng expressed in lucbes 


t .0072 00^t .0001 .0103 

r 0101 OJOil .0322 023S 

j 03o7 .01S7 .0109 .0130 

i .0399 0>23 .OrA.' OiiM) 

i .0 m& .0920 09S2 .09eS 

1 .1233 .1271 .1309 .134S 

! .lOSfi .1679 .1723 .1767 

2094 2143 .2)93 .2243 

1 .2610 .2063 2720 .2770 

! .31h: .3242 3303 , 33U 

, .3311 .3377 .3014 .4011 

1 .4490 .4306 .4040 .4713 

! .3239 3316 .3394 .3473 

1 .Uk37 6]2<) .620 1 62>.3 

1 C393 .C9S2 .7071 .7161 

t .7303 .7S99 .7991 .3000 

I .8774 8874 8974 9075 

' 9709 0003 10011 10118 

I 1 OstI 1 0902 1.1104 I 1217 

; 1 2020 1 2137 I 2234 1 2373 

; 1 321,4 1 .W ] 34r,| 1,1483 

> 1 4467 1.4498 1 4724 I 4<44 

I 5776 1 5910 I ri04l 1 rdr» 

I 7141 I 7281 I 7421 1 7S''.2 

1 S363 I S708 1 5334 I 0001 






4 7615 • • • ■ • 



JUTUEiLVTIC-VL TABLES. 
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AilERICAX GAS-CXGINEEIUXG PIl.\CriCE. 


AREAS OF CIRCr.E3 I.V IJIPERUL GALLONS FROM DIAMETCRS-C<.rt,ru*i 
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AJIEIUCAN GAS-ENGINEERING PRACTICE 


TABLE SHOWING THE ABEVS OF S':iir-SQi;AnCS IN IMPERL^L GALLONS 
rOUnESsPONDING TO SIDES IN IMPEIllAL INCHES 


This table •huw» the number uf «l 
de°cnbc<l on t^e »i<ie as lisse ami a Le 
e^oiis of A rectangle- TUeareaua' 


Olon* contained in a pnsni l-aving tlie nemi-s^uare 
leiebt of one inch. It is ot lire in hnuiQK tbe area in 
■ Xfr. o nod ft bntis ttie allies of 'be rectangle But 


Jiulit —Add tbe area of the 
of tl.e remi-Klu*re on tbe i-hor 
eqaal to tl‘o iblTcretice bctwei 


semi-square on the longer «Js of the reclanele to the ai 
er side, and from tlie eum ileiluct the ssmi-situare on a li 
1 the tno sides, diDicn-uont beimt m inclins 


'jooo; oooo: oooi« oonM i ofiow noociS oooss pons ooub 

OOJ2 nodi iMto; oo? oott (»4 b nos: ocu<' 

Oi)N) ntssT 00n>l ni9l OU^ 0122 0131 0111 01^2 

0173 0lf>' OlBiJ O.M- 0221 023J 0247 O.NO ,0274 

0303 nsib 033.3[ 0340 (UuS 02)>2 039s 0415 .D133 

Q 4 ii 9 QlSV O.>07 OVN a343 0300 0tSI< 0107 0'i2S 

0«TI 0003 Oflfil 7300 0702 07SS 0409 11434 0439 

0«» 0934 09'd 0947 lOtl .1012 .1009 .1007 ll’i 

ll'.3 1213 U12 «27; 1303 .j33J 1204 J39fi 1423 

im IWi. 15I.W IM3 IC27 1062 1097 1732 ,1707 

■ >>0 IbTC I»>3 1930 I9s4 202i> 2035 2103 .2142 

2}i2 22M 23031 2314 2334 242i .’iO*. 3311 .2U4 

2ul0 2I>44 iTjH 2773] 2M\ 2>ii3 290« 2054 .luOl 

3093 3H2 3100 323> 32M' 3335 33.U .3434 .34s4 

35->3 3'i3'i 3<->'> 173'> 3*0) 3.>44 3^97 .3930 4003 

4112 41(.', 4251 4277 4332 43s^ 4443 45O2 .4559 

41.74 4733 47^1 4S.*>0 40«» 4I'»9 3029 5000 3150 

5273 S3A3 S’?*! 34'41 5521 IS-'O 5049 5713 5778 

590'. 5973 WXiO. CIO.'. 0172 023'' hJOi. 0373 9441 

<.37« i.CW ••7|i ».7h7 1.927 i.0P‘ 7070 .7141 

72a5 715s 7431 7504 757e 7uS2 7727 .7a0. .7577 

S02S MAi Mill <2>s giu 5413 ,)>49l MTO ''549 

»sn7 SS47 SOI 7( «04S VITO 9210 .9292 B374 0457 

flidJ oroii *700. g\74 qy'.y | 0043 1,0129 | 0214 I 0.100 

1071 t OV.I I (Xdll 10724 I 0s24 I (H>13 I 1002 no'll Itl'iO 

I 1301 I 1451 I 1543. I 1104 1 172' I |sl5 I 1910 ) 2003 1 2097 

1 2:s4 I 237s I 2472 I 25(tf> I 2fii.t I 2759 1 :s55 1 295! 1 3043 

1 3243 I 3311 I 3440 I 353s | 3ld7 I 3737 I 3s3(. i.393'. 1 4‘l.17 

I 4210 1 ISir I 4442 I I'.ll | 4<>I7 I 4750 I 4s.U | 4n57 I W4 

11270 15371 I 54sl I 55si I 5<.'i1 I IsOO > 59>. |r,01< I otfl 

I i>35s I uili I 0550 I GboS f b77.5 I 1.^5 1 0!<90 1 7|07 I 7218 

1 7441 I 755I 1 7»ss I 77MI | 7S91 I SOOT I «I2I 1 «,23'i I kllO 

I ^>41 1 sbu; I 4h|3 I s9ir I 0047 I 9101 I 9;s2 I piuo I 0119 

1 '173: I 9>7« 19031 2 0117 7 47217 2 ttUs goisO 2 0.4)1 2 0723 

2(*l.9 2 1092 2 12)1 2 1119 2 Hr.i 2l5sS 2 1713 2 IWs 2 t9<.l 

2 2210 2 2311 2 2470 2 2S9s 2 2*21. 3 2S54 2 29»3 2 311) 2 3241 

2 1V»' 2 3"3I 2 37« 21-01 2 4021 2 415' 2 4:ss 2 4121 2 4.«l 

2 IS.D 2 t3M 2 50s« 2 1221 2 111s 2 1|31 2 1(10 2 5744, 2 1902 

I 20171, 2(2111 20412 2l.v<n 207:9 2 ust-s 2 7007 2 7117 2 7217 
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\nK.V5 OF 'FAII-^Ql'ARCS IN I\IPEIII\L G\U,OXS-C«n<.«Be4. 


: I < 

« r«U A ~0C « 7272, 
A VTi.ll 4 4 !>I3' 

5 VAII S (^45 ^ ItU7( 
S :5v3 5 277'- ^ .’>7|i 
S 451S. S 4747 5 lanj 
3 Wll 3f95'*l 

5 Wvv i <7»4 ^ •«« 
i,«'.7J 1IH|i 


I I ( . I I r 


4 nan ft T 3 inj 1 , 7 '. 4 n •< .rr,i a.mm i. J.;w4 nS4:n n 1.1(4'/ 

H9^l‘ 1.950 ■•<»7'W *.'ia'»0 70214 Tn44C 7 Oi.I.f 7 O'.'!? 7 Ijii 

7 IST2 7 IT'*'] T W 7 .O-.i 7 24*.*' 7 2?l2 7 294.' 7jij| ; jJ/ ij ‘ 

7 7 ««3 ' «i4| 1 4%iii 7 4.ftS, 7 V>21 7 5257 7 34^7 7.2: .u - ‘ 

rOIS* 70124 '.fi*-' Tt.s93 7 7129 7 7?tS 7 TWIl 77lii4. TJ.U7J 
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\IU:aS of SEMI-SOLAIUiS l.V IMPERIAL GALLONS— Co-ii.nucrf. 




MATlli:iL\TICAL TABLES. 
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\iu:.^3 OF snMI-SQlABi:S in IMPEIIIAL gallons— C on/iaueJ 
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AMERICAN GAS-ENGINEERING PRACTICE. 


One {'rumnic 0.035274 ounces (a\oinIui)oi!j) 

One ounce (tuoinhipoia, 437.50 

grains).. 2S. 35 grammes 

One kilogramme. . . . . . 2.2046 pounds (avoirdupois) 

One jiound (avoirdupois, 7000 

grains) ... 0.45359 kilogrammes 

One pound (troy, 5700 grains). . . 0.37324 kilogrammes 


Ounc.« 
(Avouxlupou>> 
to Grammes 

Grammed (o 
Ounces 
(Troj) 

toGncDmes 

Kilorfammet 
to ruUDll« 
(AvoirUupoli) 

FounOi 
(AtoirUupois) 
to KjlOBr&mmea. 

28 3405’ 

0 03215 

31 10348 

2 ^0402 

0 45359 

56 0091 

0 00430 

62 20G0G 

4 40924 

0 00719 

85 04S0 

0 00045 

93 31014 

G 013S6 

1.30078 

113 3081 

0 12S60 

124 41392 

8 81849 

1 81437 

141 7470 

0 10075 

155 51740 

11 02311 

2 26790 

170 0073 

0 19290 

180 020S9 

13 ^2773 

2.72J50 

108 U07 

0 22505 

217 72437 

15 >3235 

3.I73I5 

220 7002 

0 25721 

24S 82785 

17 (>3097 

3 02874 

UOT 

Q 2S03Q 


W 84150 

4 08233 

283.4050 

0 32150 

311 03480 

22 04020 

4 53500 


lqvivai.entn of wokk .and he.\t. 

1 Htu = 778 71-11)3 - 17.59 watts. 

42 a •' = 33000 “ - 746 “ « 1 ILP. 

In the Trench or metric system of units, a heat-unit or calorie 
13 the quantity of heat rcquiix^ to ratve 1 kilogramme of pure water 
1” C at or aimut 4° C 

The following tabular statement shows the relation of the 
Trench and Tngh.'.h units 

FRENCH AND E.NGLI.SII U.NITS CO.UrAllED. 

1 calorie . .... . 3,9CSBt.u. 

0.252 caloric. • . 1 “ 

French mechanical cqiii\alcnt, 125 0 kilogram- 

meters . 3075 ft.-lbs. 

107 7 kilograni-inctcrs ... . . 1, or 77S ft -lbs. 

For comcnicnce in translating French and Gennari lesulls into 
Engli.'h or .\nicncan we lia\e the following compound unit.s: 

EQUIVALENT COMPOU.ND UMT5>. 

1 caloric per t-qiiarc meter. ... 0 3G9 11 1 u jwr square foot 

1 n.t.u. or 1 H II. i)cr Mjuarc foot. . 2 7|3 calorics i)er sfiuarc meter 
1 c.aloric i»cr kilogramme .... 1 SOO ll.u. i«r ixiund 

1 II.u. |)cr pounil 0.556 caloric jxir Kilogramme 


coN'vEusioK TAcrons 
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«'OS\CIWION' OP HEVT-UNlTii 



Cftlariea per 
Kilocr&mme to 
HritisU Thermo) 

L oite per PoutM) 

CalotiM per 
Cable Meier t« 
l)nti«h Ibermel 
I'luM per 

(*u|^ hoot 

nr.lu«U n.ernml 
I'niU tier IWd 
li>re.Ioriee per 
Kilostanune 

Dna-h Thermal 

Cubic Foot to 
Calones per 
Cubic Meter 



0 11236 

0 536 

8 S98 



22172 

1 112 

17 796 


o 4 

337QS 

1 06S 

26 694 



44944 


35 592 


0 

561S0 

2 780 

44 490 



07410 

3 336 

53 3SS 



7s652 

3 S02 

62 2S6 


14 4 

S98SS 

4 44S 

71 184 


16 2 

1 01124 

5 001 

80 082 

10 

18 

1 1-230 

5 500 

88 980 



> CS34 

8 340 

133 470 



2 247-2 

11 120 

177 960 



2 MiO 

13 900 

222 450 



3 370S 

10 080 

260 940 


03 

3 93-20 

19 460 

311 430 


72 

4 4941 

22 240 

355 920 


SI 

5 0302 

25 020 

400 410 


90 

5 OIS 

27 800 

444 000 


90 

0 1798 

30 5S0 

4S9 390 

CO 

lOS 

0 7416 

33 300 

533 880 

0'> 

117 

7 3034 

36 140 

578 370 


12C 

7 SC52 

38 920 

C22 S60 


133 

« 4->7 

41 700 

007 3o0 


144 

8 98SS 

44 4S0 

711 810 

S3 

153 

9 5306 

47 260 

750 330 


162 

10 1124 

50 040 

SOO 820 


171 

10 0742 

52 820 

845 310 

100 

ISO 

11 236 

55 COO 

SS9 SOO 


300 

472 

111 200 

1779 600 

300 

540 

33 70S 

116 800 

2069 400 



44 914 

222 400 

359.200 

400 


56 ISO 

278 

4419. 


900 

67 416 

333 600 

5339 200 


lOSO 

78 C52 

389 200 

6228 600 

700 

12G0. 

89 888 

444 800 

7118 400 

fioo 

1440, 

101 124 

500 400 

8003.200 

900 

1020, 

112 36 

556. 

SS98. 

1000 

1800. 
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CONVURhlON OF DhORECS CCNTlUItADE AND FAIIKEN’IILIT. 

In the centigrade thermometer the freezing-point of water is 
taken asO°, and on the Fahrenheit bcalc as32“. The boiling-point 
of water is taken as 1 0® on the former and as 212® on the latter. 
This gives a range of 103 degrees between the freezing- and boil- 
ing-points of water on the centignMlc scale, and of ISO degrees 
on the Fahrenheit scale, or a ratio of 1 to 1 S. Hence to change 
degrees centigrade to Fahrenheit, multiply the degrees i-enti- 
grade by 1 8 and add 32 to the product; and to change degrees 
Fahrenheit to centigrade, subtract 32 from the degrees Fahren- 
heit and multiply the remainder by the reciprocal of 1 8 or 0.556. 

In the following tables arc tabulated for comcnience of use 
the comparati\e values on the two scales. 



CONVERSION FACTORS 
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CONVERSION OF TnERaOMETIltC READINGS 
Fahrenlmt to Centigrade 


F. 

c 

F 

c 

F. 

C 

F 

C. 

-40* 

-40* 

1“ 

-17 2® 

41* 

5 “ 

81“ 

27 2* 

-39 

-39 4 


-16 6 

42 

5 5 

82 


-33 

-38 8 

3 

-16 1 

43 

6 1 

83 

28 3 

-37 

-38 3 

4 

— 15 0 

44 

6 0 

84 

28.8 

-36 

-37 7 

5 

— 15 

45 

7 2 

85 

29.4 

-35 

-37 2 

6 

-14 4 

46 

7 7 

86 

30 

-34 

-36 6 


-13 8 

47 

8 3 

87 

30 5 

-33 

-36 1 

S 

-13 3 

48 

8 8 

88 

31 1 

-32 

-35 5 

9 

-12 7 

49 

9 4 

89 

31 6 

-31 

-35 

10 

-12 2 

50 

10 

90 

32 2 

-30 

-34 4 

11 

-11 6 

51 

10 5 

91 

32 7 

-29 

-33 8 

12 

-11 1 

52 

11 1 

92 

33 3 

-28 

-33 3 

13 

-10 5 

53 

11 0 

93 

33 8 

-27 

-32 7 

14 

-10 

54 

12 2 

94 

34 4 

-26 

-33 2 

15 

- 9 4 

55 

12 7 

95 

35. 

-25 

-31 C 

16 

- 8 8 

56 

13 3 

96 

35 5 

-24 

-31 1 


- 8 3 

57 

13 8 

97 

30 1 

-23 

-30 5 



53 

14 4 

98 

36 6 

-22 

-30 



59 

15 

99 

37 2 

-21 

-29 4 




15 5 

100 

37 7 

-20 

-28 8 

21 

- 6 1 

Cl 

16 1 

101 

38 3 

-19 

-28 3 


- 5 5 

62 

16 6 

102 

33 8 

-18 

-27 7 

23 


63 

17 2 

103 


-17 

-27 2 

24 

- 4 4 

64 

17 7 

104 


-16 

-26 6 

25 

- 3 8 

65 

18 3 

105 

40 5 

-15 

-26 1 

26 

- 3 3 

C6 

18 8 

106 


-14 

-25 5 

27 

- 2 7 

67 

19 4 

107 


-13 

-25 

28 

- 2 2 

68 

21 1 

103 

42 2 

-12 

.-24 4 

29 

- 1 6 

69 

20 

109 

42 7 

-11 

-23 8 

30 

- 1 1 

70 

20 5 

110 

43 3 

-10 

-23 3 

31 

- 0 5 

71 

21 C 

111 


- 9 

-22 7 

32 

+ 0 

72 


112 


- 8 

-22 2 

33 

+ 05 

73 

22 7 

113 


- 7 

-21 6 

34 

1 1 

74 

23 3 

114 


- 0 

-21 1 

35 

1 6 

75 

23 8 

115 

46.1 

- 5 

-20 5 

36 

2 2 

76 

24.4 



- 4 

-20 

37 

2 7 

77 

25 

117 


- 3 

-19 4 

38 

3 3 

78 

25 5 



- 2 

-18 8 

39 

3 8 

79 

26.1 

119 


- 1 

-18 3 

40 

4 4 

80 

26 6 

120 

48.8 

0 

-17 7 
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Water EAcrons. 

U. S. gallons X 8.33 =poun(ls 

U. S. gallons X 0.13368 —cubic feet 

U. S. gallons X231.00 =cubic inches 

U. S. gallons X 0.83 = English gallons 

U.S. gallons X 3.78 =litcnj 

English gallons (Imperial) x 10 = pounds 

English gallons (Imperial) x 0.16 =cubicfeet 

English gallons (Imjjenal) X277.274 =cubic inches 

English gallons (Ini))enal) x 1.2 =U. S gallons 

English gallons (Impenal) x 4 537 =» liters 

Cubic feet (of water) (39,1®) x 02.425 =pound3 

Cubic feet (of water) (39 1®) x 7 48 U. S. gallons 
Cubic feet (of water) (39 I®) x 6 232 = English gallons 

Cubic feet (of water) (39 1®) x 0 .028 — tons 

Cubic foot of ico X 57 2 “pounds 

Cubic inches of water (30,1®) x 0 036024— pounds 
Cubic inches of water (39 1®) x 0.004329— U. S. gallons 
Cubic inches of water (39 1®) x 0 003C07- English gallons 
Cubic inches of « atcr (39. 1®> x 0 . 57C3S4 - ounces 

Pounds of water X 27.72 —cubic inches 

Pounds of water X 0.01602 —cubic feet 

Pounds of water X O.OW — U. S. gallons 

Pounds of water X 0 10 -English gallons 

Tons of water X 268 SO =U §. gallons 

Tons of water X224.00 -English gallons 

Tons of water X 3.5.90 -cubic feet 

Ounces of water X 1 735 -cuImc inches 

A column of wafer 1 inch square by 1 foot high weighs 0.434 
pound 

A column of water I inch square b> 2.31 feet high weighs 1.000 
pound. 

Water is at its gre.'itest density at 39 2® F. 

Sea water is 1.6 to 1.9 heavier tlian frcoii. 

One cubic inch of water makes appHixim.-itcly 1 cubic foot of 
btcam at atmospheric |)rc>bure. 

27222 cubic feet of steam at atmospheric prc&surc weigh 1 pound. 



CHAPTER XXIII. 


PIPE AND MISCELLANEOUS DATA. 

The formula Kcncrally used for cjilculating the capacity of a 
pipe for traa«mjttin{r cas under low prev-ures not exceeding the 
head due to a few inches of wafer column is credited to Dr. Pole 
and 13 

0-13.W^, 

where Q«*cu ft. discharged at the exit end per hour; 
d^intcrnal diameter, inches, 
h^pressurc in inches of water column, 
length of pipe in yards, 

9 =specific gravity of the gas, air««l. 

Prof S W Ilobinson of Columbus, Ohio, has deduced the 
following formula for high pressures, which is slightly m excess of 
the observed results* 


\ 'j 

where V = cubic feet jicrhour at atmosphcnc pressure and 7’i; 

ri = ab'olute temperature of storagc = 4Gl° + rcading 1^; 

2’^= absolute temperature of gas flowing in pipe-lino reading 
F^; 

To = absolute tcinperature=4Gl®+37® F =498° (at maxi- 
mum density of water); 

</ 5 =diainctcr of pipe-line m inches; 

L = length of pipe-line in miles; 

pi = gage jires.'jure at entrance end of g-is-main, pounds per 
square inch, 

p 2 =gage jiressure at exit end of main, pounds per square 
inch. 
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Some of the data found valuable in connection \nth pipe are 
gi\cn herewith in the following tables; 


•WnOTJGMT-mON WELDED riDE. 


(l in. diam. and below are bu(t-wctdcd and tested to 300 lbs per sq m. 
hydraulic pressure; IJ in and abo\c are laj»-weldcd and tested to 500 lbs. 
per sq in hydraubc pressure.) 


*-1 

1® 

•SS 

ia 

o 

|| 

u 

Wi 

i 

< 

1 

< 

1 

hi 

«i§ 

A 


li 

'A 

III 

goS, 

u 

fill 




Feci 

Inches 

tnehm 






i 

0 

1 272 

9 44t 

0 012 

0 12< 

2500 0 

0 24 

27 

0 0000 

0 005 

i 

0 51 

l.CDC 

7 075 

0 04S 

0 22{ 

1385 0 


18 


0 021 

i 

0 07 

2 131 

5 057 

0 lie 

0 358 

751 5 

0 50 

18 

0 0057 

0.047 

1 

0 84 

2 032 

4 502 

0 IOC 

0 554 

172 4 

0.84 

14 

O.OJ02 

0 085 

1 

1 0.i 

3 230 


0 441 

U 806 

270 0 

1.12 

14 

0 023C 

0 too 


1 31 

4 134 

2 90J 

0 785 


ICO 9 

1 07 

1U 

0 0408 

0.349 

11 

1 CC 

3 215 

2 301 

1 227 

2 164 

90 25 

2 25 

114 

0 0G3S 

0 527 


1 y 

3 900 

2 01 

1 707 

2 83.3 

70 65 

2 C9 

11 

3 0918 

0 700 

2 

•i 37 

7 461 

1 6U 

3 141 

4 4341 

42 36 

3 C6 


3.1032 

1 356 


2 87 

9 032 

1 ajJs 

4 (KIS 

6 491 

30 11 

5 77 


0.255(J 

2.110 

3 

3 5 

10 990 

1 001 

7 008 

9 021 

19 40 

7 54 

8 

9 3073 

3 049 

31 

4 

12 560 

0 055 

9 621 

12 5CC 

14 5C 


8 

3 4995 

4.155 

4 

4 3 

14 . 137 

0 840 

12 5CA> 

Lo 004 

11 31 

10 72 

S 

i 65-28 

5 405 

•»! 

5 

15 “as 

0 705 

15 004 

19 635 

9 03 

12 40 

8 

3 8203 

6.851 


5 50 

17 475 

(1 020 

10 G.15 

24 290 

7 20 

14 50 

8 

1 020 

8 500 






34 47 J 







7 O’ 

23 954 

0 505 

38 484 

15 G63 

3 72 

23 41 


1 999 , 

0 062 

8 

8 GJ 

27 090 

0 444 

50 205 

58 420 



2 011 1 

21.750 

y 

9 GS 

30 433 

0 304 

W 617 

73 715 

2 26'3I 67 

8 

$ 300 1 

27.500 

10 

10 75 


0 355 

78 5l0|00 79. 

1 80 in Ct 

8 

4 081 |34.(XiO 


* Tlic Slsadmnl V ut 231 cubic uicbvs 


Equation of Pipes. — It is frequently desired to know what 
number of jniics of a given tizc ate equal in carr^’ing cajiacity to 
one pii)o of a larger cizc. At the same velocity of flow the volume 
delivered by two pijxs of different biics ia jiroportional to the 
squares of their diameters; thus, one 4-inch pijxj will deliver the 
btuTve vv>\\«tvc as four --vtoIv With the bcswl, lvov.e\er, 

the velocity is Ic^s in the smaller pi;>c .anil iJjc volume dchvcrid 
varies about as the square root of the fifth ixiwer (le., as the 2..'5 
]X)Wcr). Tlic following table has been calculated oti this ba^U. 
The figures opjxip-ito the interaction of any two mzcs Is the numlicr 
of the tmallcr-sizcil plixa required to ctiual one of the larger. 'Hms, 
one 4-inch pijie is equal to 5-7 2-inch |>i|jes. 
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PIPING AND PIPL-FITTINGS. 


The Crane Co. of Chicago, III, ha\e conducted tests on piping, 
and some of the concIu:>ions -nere presented in a paper before 
the Engine Builders’ Association at the spring meeting, 1902, by 
J. B. Berrj-man. The following is abstracted: 

Strength of Ordinary Commercial Pipe. — Tests of Icngtlis 
taken at random out of stock: 8-in. stood 2000 lbs.; 10-in. 2300 
lbs.; 12-in. 1500 lbs.; 16-in , j in. thick, SOO lbs.; and 24-in . J in. 
thick, GOO lbs per sq m without rupture or distortion. Thou- 
sands of pieces of 20-in, site and under have stood SOO lbs. per 
sq. m. Hence there is no reason why pipe heavier than standard 
should be used in power plants, except where water is bad and 
there may be cor^o^lon 

Flanged Joints. — Most of our ordera arc for screwed or shrunk 
flanges in the ratio of 85 screwed to 15 shrunk. We prefer the 
screwed joint and usc the followinc Icngtlis of thread, those first 
given being for pressures up to 125 llw and those in last column 
for pressure up to 200 lbs. 


Diameter, Pipe. 

Thread Lengths. 

4-in. 

lA 

u 

O-m. 

lA 2 

S-in. 

n 

2A 

12-in. 

2A 

2A 

IG-in. 

2A 

2J 

20-1 n. 

2} 

3i 


Assuming a !;hcaring strength of nnc-luilf tensile strength, the 
abo\c proportions gi\e a holding power fully three times ultimate 
strength of pijxj. We ha\c testeti juint.<i, starting with long threads 
on pipe, as l>cr abo\c tabic, and gradually cutting threads away. 
In no exse were threads stnppcd, and results show’ that strength 
of joints w.as limited by strengths of the cast-iron flanges. On a 
10-inch pipe threads were rwluced until only 5 remained. Flanges 
broke at G50 {xiunds ])rcssurc, all threads remaining intact. \ cal- 
culation of the amount of metal which would have to be sheared 
ofT Ixjforo a joint parted will show that there is no likelihood of 
the threads .‘•tripping. Taking our standard length of thread, 
eight ]X!r inch, tlic rrsiilis work out as follows' 


Size 

S 

12 

lOJ 


Tlircsds. 


n 

2h 

2h 


Metal in 
Contact. 
Square Inches. 
12 

no 


Sectional 
Area of Full- 
weight I’lI’C. 

S..390 
11.. >79 
IS. 11 
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Mcs<> Crane made a {ireat number of teats on S-in. pijje, using 
regular wroudit-iron couplings to demonstrate tliat long threads 
are not ncceaaarj to Mrcngtii Final teats werc made with barely 
G threada in contact, and j inch length of threaded part The 
pipe was tested to 1000 jiounds, tlie pressure being held a day 
without giving \\a\ The onlv object in using long threads is to 
make a tight joint and not to gam strength Pipe should be 
screwed clear through flange to guard against vibration and make 
a bearing for gasket on end of pijie and clo-^* thread against o-\i- 
duing .action of ‘•team Screw flange on bv power until pipe pro- 
jects A m ; then f.»cc off end of pijie and face true with a\is of 
l>i|ie In making shrunk joints the pijic is rounded uj) and calipered, 
flange li<ire<l out to a shniiking-fit size, brought to red heat, the 
pipe '■liPiioJ in an«l iieencd over 

Facing Flanges.— Fiances are generally made with straight 
face fini'licd smooth, straight face finished corrugated, male and 
female tongue and groove and A in raised face inside Uilt-holes 
For pre»aurc of ISO llis. or Icas our evpcnments sliovv that a straight, 
concentncally corrugated face will hold a llambow or copper 
gasket Have made reficatcd tests with pressures up to 1000 
pound' without blowing out the gasket 

Flanges-— There are two rccognued standards for flanges. 
One. for pressures up to 125 IIjs , was adopted by a joint comimtteo 
of the A S M E , the Master Steam Fitters’ Association, and 
the manufacturers The other, for jiressures u)> to 2^0 lbs . was 
adopted at a meeting of the manufacturer held m New York, 
.June 2S. 1901 and is generally referred to a» the “Manufacturers’ 
Standard ’’ 

Flanged Fittings, — We manufacture these in three weights for 
pressure' uj) to 50, 125, and 250 lb' ic-'pectively The tluckncss 


the body metal 

of each is as 

follows 


Diameter Pipe 

Li^t 

Standard 

Extra Heavy, 

0-m 


A 

3 

10-m 


3 

ii 

12-in 

i 

H 

1 

IG-in 

i 

1 

lA 

20-in 


H 

lA 

24-m 

i 

n 

n 


The'c thicknesses give factors of safety of 10 or 12, when coni- 
puted by the formula for ])t|)cs, which is tlesirable, since tests show 
that fitlings burst at pressures less than indicated by thcorj’. 
Valves. — Valves are made of same thickness as the flanged 
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valves, 4-in. to S-in., wll burst at about 700 lbs.; 10-in. to 16-in. 
at about GOO lbs. The c.vtra bea\'y vahes, 4-in. to S-in., burst 
at IGOO to 1900 lbs.; 10-in. to lO-in. at about 1200 to 1500. 
A medium valve is also made for pressures between those for 
which the standard and e.vtra-heavy valves are designed. In all 
these cases the valves were of the solid wedge tyiMj, and it was 
found that their disks would stand about 80 per cent, of the burst- 
ing pressure without leaking. It would not be possible to obtain 
equivalent results from par^lel-scated double-disk valves, as their 
disks have comparatively light faces, set out by an internal wedg- 
ing mechanism, and will spring under pressure. It is not con- 
sidered de.sirable to rib the bodies of heavy valves owing to unequal 
strains. For high pressures use valves without outside screw and 
yoke. 

Pipe-bends. — Unless of very short radius, they are gencrallv 
made of standard pipe for pressures of 125 pounds or less, full- 
weight pipe up to 175 pounds, and extra-heavy pipe for Wghcr 
pressures. 
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STAND\RD ROl.GliT-lRON AND STEEl^PIPE DIMENSIONS 
(Pipes li la diun end UnsUer ftre butt «cUe>l, lim diam and lareet are Up welded } 


Site. Ditm 

TliirLoeM 
ul MeU. 

Upenuig 

SiU iDCkes 

Actual 

Outside 

fbametcr. 

Nominal 
I'eieht per 
loot, Lbs 

Number of 
Threads per 
Inch of 

i 

U 003 

0 0573 

0 405 

0 24 


i 

0 uss 

0 1011 

0 54 

0 42 


i 

0 091 

0 1917 

0 075 

0 56 


i 

0 109 

0 3018 

0 84 

0 84 


i 

0 113 

0 5333 

1 03 

1 12 

u 

1 

0 134 

0 8620 

1 315 

1 67 

lU 

n 

0 140 

1 49G 

1 66 

2 24 


H 

0 145 

2 038 

1 9 

2 68 

111 

2 

0 154 

3 350 

2 375 

3 61 

III 

2i 

0 204 

4 784 

2 875 

5 74 

8 

3 

0 217 * 

7 388 

3 5 

7 54 


3i 

0 220 

9 887 

4 

9 


4 

0 237 

12 73 

4 5 

10 66 


4i 

0 240 

15 901 

5 

12 49 


5 

0 259 

19 99 

5 563 

14 5 

8 

6 

0 28 

28 8S8 

6 625 

18 76 


7 

0 301 

38 738 

7 625 

23 27 


8 

0 322 

50 04 

8 625 

28 18 


g 

0 344 

02 73 

9 625 

33 7 


10 

0 3C0 

78 839 

10 75 

40 

8 

11 

0 375 

95 033 

11 75 

45 


12 

0 375 

113 098 

12 75 

49 


13 

0 375 

137 887 

14 

54. 


14 

0 375 

159 485 

15. 

58 


15 

0 375 

187 04 

10. 

62. 

S 
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WEIGHT OF MALLCABLE-mOM FITTINGS FOB GAS-PIPE. 



TV. ... 


[ 


IluoAred 


Hundred | 

Elboua. Wi Decheu. 

SuQttT FtUELS Ottor 1 
Euotts. (I 

} 

8 

} 

13 

}X} 

7} 

|X} 

22 

} 

S} 

} 

10 

ix} 

14} 

ixi 

27 

.x. 

14 

27 

13 

!x} 

40} 

jx} 

22} 


41} 

iii 



ST 

Dhoa Elbowa |j 




12 

33} 

ix} 

10} 

lx} 

47} 

> 

20 

Ixi 

45 





lx} 

1}X1 

14 

S3 

58} 

ix, 

12 

ilxl 

1024 

Sloe OcTtet V 

14X1 

SXl} 

91} 

101 

105 

170 

Ixjx} 

ixjxi 

12 i 
10 

19} 

2X1} 

IGQ 

ICO} 

}x|x| 

}xjx} 

37 ' 

38 1 

El» 0««, OcQftCtJk 

i 

40 1 



Ixlxi 

48 1 



IXlX} 

104 ! 

i 

31 

IXlx} 

51} 1 

1* 


1 


1} 

M} 

i}xUxi 

.87 ] 

1} 

118 

1} 



170 

Teca 


SrxEtr Eliowa 



} 

10 

}X} 

8 1 


20 

IXi 

9} 

IXi 

41 

} 

12 

47 

}X} 

IQ ' 

ixl 

72 

Ixix} 

15 I 

1 

73 

Ixlxj 

18} 1 

I}X1 

107 

ixi 

IQ 

1} 

114 

IX, 

15 

l}Xli 

15.3 

10} 

1) 


IX} 

24 

2X1} 

220 

1x1 

27 


2C0 

ixjxi 

18} ^ 




ixixi 

iXJXj 

iXIXi 

iXlXi 

ixixj 

jxi 

iXJ 

ixi 
JXI 
1X1} 
}X|X( 
}X'-’ 
}X 
}X 
}X 
. }X 
}X 
}X 

Jx. 

|X} 

b! 

ixi 

1X1} 

IXli 

ixixi 

1X|X} 

IXIXI 

ixixi} 

IXJXJ 

15ISI 

IXJXl 

1X4X1} 

ixfxl 

1X1X4 
lx 
lx 
lx 


XI 
-XI} 
Ixj 
ixj 
1X4 
ixl 
1 

IXi) 


3l*i 

■21 

■ 21 } 


29} 


3o} 

oO 

33 
29 

34 

35 


07} 

37} 
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ixii I 
xl I 
xl| 

|X 1 

ixlj 
XI 
XI 

xli 
,-.x| 
xixl 

XlX| 

XlXl 

IXIXII 

'.tit' 

liil 

lixl 

1 } 

lixlj 
1 xixi 
1 xixli 
1 xjxu 
1 xjxii 
1 xlxl 
1 xlxl 
1 Xixu 
1 xlxli 
I Xijxi 
1 xijxi 
Ijxljxll 
1 XlJXlJ 
lixi 
ijxj 
lixi 
lixi 
.,x.i 

15X2 

2X5X2 

2X}X2 

2X1X2 

2X15X15 

2X15X15 

2 x 15 x 2 

2X15XU 

2 x 15 x 15 


2x15 

2x15 


8 ii>b Otrn.cf Tet* 

) I 


FcM&i>K Oitar Tci* 

155 
205 


ixl 
ixi 
1x1x5 
ixixi 


IXJXI 

ixlxl 

|ttitl. 25 '') 
ilroi> J 


11 II CooruNuB. 


It & L CocruNoa. 

5 
i 
5 
i 
1 

15 
15 


Rcoocino Codplinqs 
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^\rIG^T OF MALLKABLE-IRO.V FITTIXO^ FOR C^S-Pirn— 


a.M. 

r-. 

w... 


, 

ti. p.. 


llunJrol 


llundreJ 


ilunJml. 
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ix} 

38} 
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1}X| 
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} 

37} 



bS 
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l}xi 

53 

ixixi 

37 

1} 

1} 

IJX} 

J7 
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30 

1}X1 

53 
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lixi 

bO 

^XlXi 
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54 

42 
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1}X1 

50 
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1}X1} 

70 

ixi 





-»x| 
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Uxixl 
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bO 
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1} 
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23 1 

•JXJ 
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8* 

} 
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2 x| 
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AMi:UlC.\N GAS-EXGLNEEIUKO PIUCTICE. 


W'EIGIIT AND THICKNESS OF LEAD rirE— Cenli«w4 



WEIGHTS OF STANDARD OAS-FIFE. 


SSSi 
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iPraOXIMATE bQl1\RC FECT Op R^DUTING SURFACE OF PIPE PER- 
UNCAL FOOT 

(On All le&slhs over one foot fractions less than tenths are sddnl to or dropped ) 


thaoicler of P,pe 



1 

I 

11 

n 

2 

2» 

3 

4 

5 

6 


1 

1 

27.-, 

346 

434 

494 

6»2 

753 

916 

1 17o 

I 455 

1 739 

1.906I2.257 


0 5 

0 7 

0 i 


1. 

1 

1 1 

2 - 

2 { 

3 5 

. 4 


3 

0 8 

1 

1 3 

.A 

1 * 

2 . 

2 : 

3 5 

4 • 

5 2 

0 


4 

1 1 

1 4 

1 7 



3 

6 

7 

5 1 

7 

8 


5 

1 4 

1 7 

2 2 

2 4 

3 1 

8 

( 6 

8 

3 

7 7 

10 

11.3 

6 

I G 

2 1 

6 

9 

7 

; 

5 5 

7 

8 7 

10.5 

12 


7 

1 9 

2 4 

3 

3 4 

4 .i 

5 3 

C 4 

8 2 

10 

12 : 

14 


8 

2 2 

2 8 

5 

3 t 



V ; 

y • 

11 0 

13 ( 

in 


9 

2 5 

3 1 

3 h 

4 A 

5 G 

G f 

8 

10 6 

13 ; 

l.S 1 

18 


lU 

2 7 

3 5 

4 3 

9 

6 2 

5 

9 i 

11 8 

14 6 

17.4 

'M 

?2 6 

11 

3 

3 8 

8 

5 4 

6 8 

8 3 

10 

12 9 

10 

19 1 

22 


12 

3 3 

4 1 


5 S 

5 

9 

11 

14 ] 

17 r 

20 t 

24 


1» 

3 G 

4 5 

S 6 

(i ^ 

8 1 

9 K 

11 • 

15 < 

18 ( 

22 ( 

2G 


14 

3 H 

4 H 

G 1 

0 i; 

8 7 

10 5 

12 8 

10 5 

21) ;■ 

24 i 

28 


15 

4 1 

5 2 

6 6 

7 4 

9 3 

11 3 

.3 7 

i; 6 

21 8 

26 1 

30 

33 0 

IQ 

4 4 

5 S 

6 9 

9 

10 

12 

14 G 

18 8 

23 2 

27 8 

32 


17 

4 7 

5 « 

7 4 

8 4 

10 C 

12 i 

15 5 

2ft 

24 7 

29 f > 

34 


18 

5 

6 2 

7 b 

8 9 

11 2 

13 5 

10 5 

21 2 

20 2 

31 a 

30 


19 

5 2 

0 G 

s :i 

9 4 

11 8 

14 3 

17 4 


27 C 

33 1 

38. 


20 

& 5 

0 9 

8 7 

9 9 

12 5 

15 

18 3 

23 5 

29 1 

34 8 

40 

45 2 

21 

5 S 

7 3 

1 

10 4 

13 

15 8 

19 2 

24 7 

30 5 

30 5 

42 



6 

7 (i 

9 0 

10 g 

13 7 

16 5 

20 2 

25 S 

32 

38 a 

44 



6 3 

8 

10 

11 3 

14 3 

17 i 

21 1 

27 

33 a 

40 

40 



0 6 

8 3 

10 4 

11 g 

14 g 

18 


28 2 

34 g 

41 7 

48 


25 

0 9 

8 C 

10 9 

12 3 

15 6 

18 8 

22 9 

29 3 

36 3 

43.5 

50 

56.4 


7 1 

9 

11 3 

12 8 

16 2 

19 5 

23 R 

30 5 

37. R 

45 ? 

52 



7 4 

9 4 

11 7 

13 3 

16 & 

20 3 

21 7 

31 7 

39 3 

47 

54, 


28 

7 7 

9 7 

12 2 

13 8 

17 4 

21 

25 G 

32 9 

40 7 

48 7 

50 



3 

10 

12 6 

14 3 

18 

21 { 

26 G 

34 1 

42 2 

50 4 



30 

8 3 

10 4 

13 

14 8 

18 7 

22 5 

27 5 

35 3 

43 G 


00 

G7 7 


S 5 

10 7 

13 5 

15 3 

19 3 

23 3 

23 4 

3G 4 

45.1 

53 9 

62 


32 

3 8 

11 1 

13 0 

15 K 

19 g 

24 1 

29 3 

37 6 

46 0 

55 C 

61 



9 1 

11 4 

14 3 

16 3 

20 £ 

24 8 

30 2 

38 S 

48 

57 4 



%K 

9 4 

Lt 7 

U 7 

Kx 8 

•21 2 

25 G 

31 1 

40 

49 a 

59'. 1 

6 S. 


35 

9 6 

12 1 

15 2 

17 3 

21 8| 

3 

32. 

41 1 

50 9 

00. 8 

70 

79. 

36 

9 9 

12 5 

15 C 

17 S 

22 4 

27 

33 

42 3 

52 4 

62.C 

7, 




12 S 

10 : 

IS ; 

23 

27 8 

33 1 

43 5 

.Vl S 

G4 3 





13 2 

16 5 

18 8 

23 7 

28 5 

34 8 

44 6 


CG. 



39 

10 i 

13 5 

16 

19 3 

24 3 

29 a 

35 7 

4.7 S 

56 7 

G7.R 

78 


40 

11. 

13 b 

17 4 

19 S 

24 9 

30.1 

36 C 

47. 

58 2 

69.5 

80 

90.2 
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APPROXIMATE SQUARE FEET OF RADIATING SURFACE OF PIPE PER 
LINEAL FOOT — Coniinutd 


Diameter of Pipe 


J= 

» 

' 


li 

2 

2! 

3 



. 



41 

11 3 

14 

.» 

17 

8 

20 3 

25 5 

30 S 

37 6 

48 2 

59 6 

71 3 

82 

92 5 

42 

11 .5 

14 

5 

18 

0 

20 i 

26 1 

31 E 

38.5 

49.4 

61.1 

73. 

84 

94 8 

43 

11 S 

14 

11 

18 

7 

21 a 

26 i 

32 a 

39.4 

5U 6 

62.5 

74 8 

86 

97. 

44 

12 1 

15 

o 

19 

1 

21 S 

27 4 

33 1 

40.a 

51 ; 

64. 

76 5 

88. 

99.3 

45 

12 4 

15 


19 


22 2 

28 

33 8 

41,2 

52 9 

65 5 

78 2 

90 

101 G 

46 

12 7 

15 


20 


oo 7 

28 6 

34 6 

A** *> 

f)4, 

67 

SO, 

92 

103 S 

47 

12 i 

16 


20 


23 2 

29 2 

35 a 

43. 


68 4 

SI V 

94 

106. 

48 

13 2 

1(1 


20 


23 7 

29 t 

36 1 

43 L 

56 4 

69. ii 

83 5 

06. 

10S.4 

49 

13 5 

17 


21 


24 2 

30 5 

36 i 

44 S 

57.6 

71 2 

85.1 

98. 

110 5 

50 

13 8 

17 


21 


24 7 

31 1 

37.6 

45 8 

58 7 

72. V 

87. 

100 

112.8 


, SINGLE-RIVETED LAP-JOINT WITH INSIDE COVER-PLATE. 

(1) Resistance to tcann? between outer tow of nveta— {P-~d)tT. 

(2) Roistance to teanng between inner row of rivets and 

shearing outer row of nvets (P—2d)lT+'^S. 

(3) Resistance to shearing three rivets -^S. 



(4) Resistance to crushing in front of lliree ri\cts=»3fdC. 

(5) Rcslstanco to tearing at inner row of ritets and crusJiing 
in front of one ri\ct in outer row=(p— 2t/)r+/t/C'. 
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DOUBLE-lllVtTLD LAP^OIN'T \VIT» INSIDi: COVEK-PLATi; 

(1) Rc'istance to teanng at outer row of nvets= (P-d)lT. 

Ard^ 

(2) Rc'isfancc to •shcarmg four n\ets=— 

(3) Rt'L'tancc to teanng at inner row and shearing outer row 
ofmets=(P-15J)(7’ 


1 


1 6' 6' c 



® © c 

7 

X j 


- 


(4) RcsLstanc'C to cru'lunR in front of four ^^ets«4/dC. 

(5) R^istanrc to tcannsr at inner row of mets and crushinT 

in front of one iivct= (/’— lAt/)t7'+WC “ 



Hand Snop Mochrne Countersunk 
Rivefog Riveting. Riveting, 
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TENSILE STRENGTH OF PLATE PER ONE INCH OF WIDTH. 


Tluckness 

Tensile Strength per Squ&re Inch 

£0,000 

£5.000 

60,000 

es.ooo 

70,000 


3’2S 

3437 

3750 

40G2 

4.375 

1 

0250 

CS75 

7500 

8125 

8750 

A 

0375 

10312 

11250 

12187 

13125 

i 

12500 

13750 

150tK) 

16250 

17500 

A 

15625 

17187 

18750 

20312 

21875 

i 

18750 

20G25 

22500 

24375 

20250 

A 

21875 

' 2I0C2 

1 26350 

28437 

30625 

\ 

25000 

27500 

3000U 

32500 

35000 

A 

28125 

30937 

33750 

36502 

39375 

\ 

31250 

34375 

37500 

40625 

43750 

H 

31375 

37813 

41250 

44687 

48125 

I 

37500 

41250 

45000 

48750 

52500 

H 

1(^023 

44C87 

48750 

52812 

5G875 

1 

41750 

48125 

52500 

56875 

01350 

if 

40875 

5I5C2 

50250 

G0937 

G.5G25 

T 

50000 

55000 

GOOOO 

C5000 

70000 


SHE^lUNa STRCNOni OF RIVETS (SINGLE S11E.\U) 


Diftmeter 

of 

Rivet 

M^kon 

Sheering Strength per Square Inch. 

30.000 

33 000 

40.000 

45.000 

50,000 

i 1 

0 1104 

3312 

3S64 

4416 

4963 

5520 

i 

0 10G3 

5S.S9 


78, ‘>2 

8833 

9815 

i 

0 3068 

9204 

10738 1 

1-3272 

13S00 

15340 

i 

0 4418 

13254 

154G3 1 

17C72 

19881 

22000 

i , 

0 G013 

18039 

21045 1 

24052 

27058 


1 

0 7854 

235G2 

274S9 

3141Q 

35343 

1 39270 
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CnUSHlXO STRENGTH OP RIVETS 
The crushing strength of nvets and plates, in joints that fail 
by crushing, is found by experiment to be high and irregular 
In some cases it has amounted to 150,000 lbs. per square inch; 
in a few tesla it has been less than 85,000 lbs. per square inch A 
value of 95,000 lbs. may be used with safety for general calculations. 


DODBLL-RIVETCD BUTT-JOINT. 

(1) Rcsktance to tearing at outer row of nvets= (,P~d)tT, 

(2) Rcsbtancc to sbeanng t«o rivets in double shear and one 

in single shear— 

(3) Resistance to tearing at inner row of rivets and shearing 
one of the outer row of ri\cts=(P-2d)t7’+-^i> 



(4) Resistance to cruslung in front of three rivets=3tdC'. 

(5) Crushing in front of two rivets and sheanng one rivet= 
TZP 

2tdC+-iS. 

4 

TUIPEE-BIVETEO BUTT-JOINT. 


(1) Resistance to teanng at outer row of ri%ets=(P— 

(2) Resistance to shearing four ii\'et3 in double shear and one 


(3) Resistance to (earing at middle row of rivets and shearing 
one rivct“ (P— 2d)ti^ 
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(4) Resistance to crushing in front of four nvets and sheanng 

-d2 

one ri\-et=4(ilC+— r5. 

4 



(5) Resistance to cruslung m front of five rivets 

FAlLUnE OF niVETED JOINTS. 

A nvetcd joint may fail by bbearing the rivets, tearing the 
plate between the ri\cts, cruslung the rivets or plate, or by a 
combination of two or more of the abo%c causes. 

To determine the efficiency of a n\eted joint, calculate the 
breaking strength by the different ways m which it may fail. 
That method of failure giving the least result will siiow the actual 
strength of the joint. If this cquah .Sr, and N^tenaile strengUi 

of the solid plate, then efficiency = ‘-^ 

NOMr.\ri*.vTUnE. 

ti=diatnetcr of ri\ct.*»; 
f'atliickncss of ])latc; 

oi cover-p^ates? 

I>= pitch of inner row of nvets; 

pitch of outer mw of rivets; 

5— shearing strength of rivets; 

tensile strength of phitc. 

C— crushing strength of rivxts. 




PIPE XN’D MlSCELEASEOUd U.U.V. 
SINGLE-HIVCTED lAP-JOlST. 



(2) 

(3) 


■' teanns plaic l)Ctw«.-cn mcts« 0 , j,,,. 

“ cru'>luM!;of n\ctorplatc»Ac.‘ 

DHUULL'RIVCTI D WMOJVT. 



jlHBIHII 


HBS 

li 




fm 


M 



Staggered Rivet trig 


Choir, R.vehr 


(1) lloistatite to bheiinng two mcts=:^.S’ 

(^2) “ “ tearing between two ri%cts,= 

(3) “ “ cru'-hingm fiont of two u\ets:=2c/ic' 

MlfetEU^VNEOlS MOILS 


To Remove Rust from Steel.— Steel wbltb lia? boon 
can be cleaned by brudnng '\itb a paste comjwmul of i 01 "^ 
cyanide potas-^ium. i ounce Castile soap, 1 ounce wbituiiv ^ ^ 
water sulhciciit to form a paste. Tlic steel sbould be 
wdU a solution of \ ounce cyanide potassium ui 2 ounces w nip 
To Preserve Steel from Rust. — 1 |>art cuoutcbouc, lo 
turpntine. Oi^soho with a gentle licat, then add S parts f 
boiled oil. .Mix by bringing tlicio to the beat of boiling water 
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(4) Resistance to crushing in front of four rivets and shearing 



(5) Resistance to cruslung id front of five rivets 

FAILURE OF RIVETED JOINTS. 

A riveted joint may fail by shearing the rivets, tCtaring the 
plate between the n^cls, cruslung the rivets or plate, or by a 
combination of two or more of the above causes. 

To determine the clficiency of a riveted joint, calculate the 
brealdng strength bj' the different ways in vvliich it may fail. 
That method of failure jfiving the least result vnll show the actual 
strength of the joint If (Ins cquali Sr, and S= tensile strength 

of the solid plate, tlien cfilcienry = ‘-^ 


NOMCNrUVTURE. 

ti= diameter of rivets; 
t=»lluckncss of plate; 
ff^thickncvs of cover-platcs; 

P“* pitch of inner row of rivets; 

P= pitch of outer row of ri>cts; 
S^shearing btrength of nvets; 

T‘» tensile strength of plate. 

C“crushing strength of rivets. 





(1) licristaiue to sliconUK two n\et^*=^.S■, 

(2) “ " Icanii^ between two 

(3) “ “ cntobinKin flout of two 


M!M niXANEDl S NOH-S 


To Remove Rust from Steel.— Stco) wliitli lum )>*</, 
can be cleum.il by biihlung with a iKi-ito coinjHiuiiii /,/ / 
cjanide pot asiiutn. i ouiue Castile soap, 1 oiiiiM- wlutnV. ... 
water sulhcicut to foiiii a paste Tlio hleel clioubj 
with u solution of J mime ryaiiido iMitassiiiiii lii •> o‘ii,j/r . ; J 
To Preserve Steel from Rust. — I puit ciioijli 
turiK-'iitine. Di'ioUe with a gentle heat, tlnn . 

bulled oil. Mix by bringing them to the heut of boJi;// * , 
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apply to the steel with a brush, in the way of varnish. It may 
be rerao\cd with turpentine. 

To Clean Brass. — 1 part roche alum and 16 parts water. 
Mix. The articles to be cleaned must be made warm, then 
rubbed AMth the above mixture, and finished with fine tripoli. 

Rust-joint Cement. — (Quickly setting.) l part sal-ammoniac 
in powder (by weight), 2 parts flour of sulphur, 8J parts iron bor- 
ings, made to a paste with water. 

J part flour of sulphur, 

200 ^ is the best if the joint 

is n 

Red-Icad Cement for Face Joints. — 1 part of white lead, 1 
part of red lead, mixed with Imsccd-oil to the proper consistency. 


SPEED OE SOUND. 


Feet per 
Second. 

In air, at zero degrees J093 

(Add 2 feet for each degree C.) 

In water. 4780 

In copper. .. 11666 

In iron. ... 16822 


Loads on Floors.— Floors of factories, work-shops, and ware- 
houses should be able to carr>’ a load of 250 lbs. to the square foot. 
I'lcors of largo buildings, balls, churches, etc., should be able to 
carry 150 lbs. per square foot, while those of dwellings should 
carry 120 lbs. per square foot 

ALLOWANCES FOB WIND AND feNOW'. 

• Lbs. per 

Sq Ft. 

Weight of snow on horizontal surface 15,5 

Wind prc'>3uro on surface, riglit angle to lino of 

impact 24.0 

In cspcc'Wlly c\po.'.e<l places 31 

To Test White Lead. — If pure carbonate of lead will not lose 
weight at 212* F,, GS grains should 1« entirely dissohed in 150 
minims of acetic acid diluted in 1 oz. of water. • 


CO.N’SUUmo.V OP G\S BY O \S-E,VCI.VES. 

Consumpllon of gas by gas-engines ranges from 18 to 24 feet 
of gas i>cr horsc-power hour. 
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TAP DRILLS FOR ~V'' THREADS 


T.p 

DnU 1 

1 Tap 

Drill 

Tap 

Dnll. 

A"— Cii 

-5 

J«— 32 

40 

H"— 30 

29 

A"— 04 


i"— 36 

38 

H"-32 

28 



i"— 10 

37 

H"-3G 

27 

1 — 50 

54 

1"— 14 

36 

H"-40 

27 

1 —60 

54 

No 55 -30 

38 

No 9 

—24 

29 

1 —64 

54 

5» — G** 1 

37 

9 

—28 

28 

1 —73 

54 

.'.i —30 

30 

9 

—30 

27 

15 —50 

52 

55 —10 

35 

9 

—32 

25 

15 —CO 


55 —14 1 

3.> 

9 

—30 

24 

li —64 

52 

6 —.JO 

30 

9 

—10 

24 

15 —73 

51 

6 —32 

35 

91 

—24 

27 


52 

0 —30 

34 

9 

—28 

26 

A"-Cfl 


0 —10 

33 

9 

—30 

24 

A''-G4 

53 

A"-30 

35 

9 

—32 

23 


51 

A"-33 

31 

9 

—30 

22 

Ko 2 -'S 

50 

A"-36 

33 

0 

—10 

22 


49 


32 


24 

27 

3 —00 

49 

No 65 —30 

34 


t"— 28 

26 

2 —04 

48 

05 —32 

33 

A 

30 ! 

24 

35 — 4^ 

47 

05 —36 

32 

A 

i"— 32 

23 

35 — «> 

46 

64 —in 

31 

1 A"-36 1 

22 

25 —00 

46 

7 —28 

33 

1 A"-40 

22 

A"— IS 

47 

7 —30 

32 

No lU 

—24 

27 


40 

7 —32 

32 

10 

—28 

26 


46 

7 —36 

30 

10 

—30 

24 


47 

7 —10 

29 

10 

—32 1 

23 

3 — IS 

43 

75 —28 

32 

10 

—36 

22 

3 —30 

44 

75 —30 

31 

10 

—40 ' 

22 

35 —40 

48 

7 ] -32 

30 

105 —24 

24 

35 — 4S 

46 

75 —36 

29 

105 —28 

23 

35 —30 

45 

75 —10 

29 

105 —30 1 

22 

a"— 33 

45 

A"-28 

32 

105 —32 1 

21 

A"— 30 

44 

A"-30 

31 

105 —30 

20 


43 

A"— 

30 

104 — 10 

20 


43 


29 

11 

—24 

21 


42 


29 

11 

—28 

20 

No 4 —33 

45 

No 8 —24 

31 

11 

—.30 


4 —30 

44 

8 —28 

30 

11 

—.32 


4 — 10 

43 

8 —30 

30 

11 

—30 


4 —U 

43 

8 —33 

29 

11 

— 10 


45 —33 

42 

8 —36 

28 



45 —30 

41 

8 —10 

28 



45 —40 

40 

85 -21 

30 

30 1 


4J —44 


8J —28 




5 —30 

41 

85 —30 

29 



6 —3J 

■iO 

Si 

2 S 



5 — 3i» 

39 

85 —36 

27 

No. Ill 



5 —10 


85 —Ml 

27 

115 



• 5 —14 


H"— 21 

SO 

114 



5"— 30 


il"— 28 

29 

1 115 -32 1 

16 










USEFUL INFORMATION 

Water. — Doubling the dianieter of a pipe increases its capacity 
four times Friction of liquids, in pijics lucreafees as the square of 
the velocity. 

The mean pressure of the atmosphere is usually estimated 
at 14 7 lbs. per square inch, so that with a perfect vacuum it will 
sustain a column of mercury 29 9 inches or a column of water 
33 9 feet high at sea*le\cl. 

To find the pressure t» pounds per square xnch of a column of 

■ Approxi- 
■ . pressure 

a given quan- 
tity . the standard 

of * :n extract the 

squ , . Inches of the 

pump cylinder. 

To find the quantity of unter elevated in one minute running 
at 100 feet of piston speed per minute, square the diameter of 
the water cy linder in inches and multiply by 4. Example: Capacity 
of a 5-mch cylinder Is desired The square of the diameter (5 inches) 
13 25, which, multiplied by 4, gl^ca 100, the number of gallons 
per minute (approximately). 



402 


AMERICAN GAS-INGISEEIIIKG PRACTICE. 


To find the horsc-pouxT nccessarj' to elevate water to a given 
height, multiply the weight of the water elevated per minute in 
pounds by the height m feet, and divide the product by 33,000 
(an allowance should be added for water fnction, and a further 
allowance for Joss in steam cj'Jindcr, say from 20 to 30 per cent.). 

The area of the steam pt^on, multiplied by the steam pressure, 
gives the total amount of pressure that can be exerted. The area 
of the water piston, multiplied by the pressure of water per square 
inch, gives the resistance. ..1 margin must be made between the 
povxr and the resxstanee to move the pistons at the required speed — 
say from 20 to 40 per cent., according to speed and other conditions. 

To find the eapacity of a cylinder in gallons: ilultipljing the 
area m inches by the len^h of stroke in inches will give the total 
number of cubic mches; divide this amount by 231 (which is the 
cubical contents of a U. S. gallon in inches), and the product is tbo 
capacity in gallons. 


WEIQUT AND CAPACITY OF DIFFCRENT STANDARD GALLONS OP 
WATER. 



Cubic 

[a«b*« 

iQaG&lk« 

of * 

CaU<^a 

CklJoaa 

Cubic Foot. 

Imperial or Engluii 
United States 

277 274 
231 0 

10 00 

S 33111 

0 232102 
7.4S0519 


Weieht of a cubic 
fooloiwatcr, Englibli 
»tand&rJ, 62 321 lbs. 
a\oIrdu|x>ia 


Weight of crude petroleum, 6J lbs. per U. S. gallon, 42 g.al- 
lons to the barrel. 

Weight of refined petroleum, OJ lbs per U. S. gallon, 42 gal- 
lons to the barrel. 

A “miner's inch “ of water is approximately equal to a supply 
of 12 U. S. gallons per minute. 


HANDY RULE FOR FINDING (aPPRO.YIMATELY) TIIF. CONTENTS OF A 
PIPE IN CUXO.SS A.VD CUBIC FEET. 

Itule. Multiply the equ.arc of the diameter of tho pipe in inches 
by the length m yards, and divide by 10 for gallons and by CO 
for cubic feet. 

Example. A pipe is 0 inches diameter and 400 jardslong; what 
is the contentT 


(?X400+10“1440 gallons. 
G»X400-*-60= 240 cubic feet. 
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CTlEiUC-U- EQUATIONS FOR CX)Mni's>T10X IN OXYGEN. 

Hydrogen, H. 

2 H 2 +Os= 2 H 30 . 

Relation by \olmnc —(2 voIs.)+(l \ol.) = (2 vols.). 

“ “ weight — 1 +8=9 

Carbon monoxide, CO. 

2 C 0 + 02 = 2 C 02 

Relation by xolumo — (2 voU.) +(1 vol ) = 2 vols. 

“ “ weight 7 + 4 =11 

Olefiant gas, C 2 H 4 . 

CJH 4 + 3 O 2 - 2 CO 2 + 2 H 2 O 

Relation by volume —(I xol )+(3 vol8.)=(2 vols )+(2 vols.). 
“ weight - 7 + 24 - 22 + 9 

Morsh'gos, CH 4 . 

CH4+202-C0j+2H20. 

Relation by volume —{1 vol )+(2 vols )— (1 vol.)+(2 vols ). 

“ “ weight - 4 + 16 = 11 + 9 

1 cu ft of hydrogen at 32® F and 14.7 lbs. per sq m. = .00599 
lb. To find the weight of any other gas per cubic foot, multiply 
half its molecular weight by .00599. 


CALORIFIC POWERS OF FUELS CALCULATED FROM ULTIMATE ANALYSIS. 


Dulong's formula: 

Heating value in B.t.u. =TiT[14,GOO C +62,000 +4050 S]. 

Heating value in caIoric3=yi»[8140C+34,400^H— jj+2250S]. 


Mahler’s formula: 

Heating value, calorics— [8140 C+34, 500 H— 3000(0+N)J. 
In the above C=carbon, H=hydrogcn, O=oxj’gen, N— nitro- 
gen, S = sulphur. 



AMEIUCAX G.\S-ENGINEE1UN0 I’JUCTICIl 


One I’art by M'eifibl of 


Hjdrogcn 

CarlKjn (wood charcoal) 

Carbon iiionuxide 
XIarsli-pas 
Olchant gas . 


11 at 100“ C 2873’ 

CO, SOSO 

CO 2^73 

CO, 2103 

CO.aiullI.O 13003 

CO'andlLO 11838 


HEATS OF COilBl-sTIOV OF C%SES IV O.VTCE.V. 
(Uy Juliut ThoinpKM ) 


Nun« 
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1 lb. carbon burning to COj requires 11 6 lbs. of air. 

1 “ “ “ “ Co “ 38 

Liquid hj’drocarbona ai>pro\iinate 20,000 B.t.u per lb. 

Goal coal appro.\imates 14,000 Bt.u. per lb. 

2J lbs. of dr\- wood= 1 lb. of coal or .4 lb. coal- 1 lb. wood- 


SPECIFIC IIEAT3 OF SUBSTANXCa. 





■<D LiquiM 



Gla^S . . 

0 1937 

Cool 

0 20tu0 21 


Cast iron 


Coke . 

0 203 

1 Charioal . . 


W rought iron 


Urickirork 



Steel, soft 

0 1103 

Masonry 

Wood 

0 -iC to 0 63 

WaUr . . 

l.or/« 
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^niTn’oimrs stanoxhd ^ii£w-tiiiu:\ds foh bolts, with sizes of 

HEXAGO.N'AL NUTS AND BOLT*HEADa— Conjinuerf 


Di&mcte 

r of Bolt 

Number 
of Thread* 
per Inch' 

Diameter 
at Ilottom 
of rimad 

Distaoca 

Flats 

Diatance 

Comen. 

Thicknes* 
of UoIU 
head 

Thickoeaf 
of Nut. 

Fract lonal 

Decimal 

.31 

3 GJj 

3 25 

1 2309 

5 3G2 

0 101.5 

3 171 

3i 


3 75 

3 

3 3231 

0 OtJ 

0 40S5 

3.281 

3| 

3i 

3 875 

3 

3 4481 

5 75 

0 6395 

3 39 

3i 


4 0 

3 

3 5731 

5 95 

G 8701 

3.5 

4 

•IJ 

t 125 

3 

3 0081 

0 102 

7 1152 

3 GOO 



4 25 

2 875 

3 SO (5 

6 .375 

7 3012 

3 718 



1 375 

2 875 

1 929> 

G 0 

7 0210 

3 S2S 

-1} 

ih 

4 5 

J 875 

1 0545 

0 825 

7 8S19 

3 037 


■ii 

4 G25 

2 573 

4 1795 

7 O02.5 

S iooO 

4 Old 

411 


4 73 

2 75 

4 2S4 J 

7 3 

8 4293 

4 156 

4i 


4 873 


4 409.3 

7 53 

8 7179 

4.265 

4} 

5 

3 0 

2 7S 

4 5343 

7 8 

0 0000 

4 375 

5 

51 

.3 123 

•2 75 

4 659.1 

.8 003 

9 3120 

4.481 




2 623 

1 7021 

8 35 

9 0417 

4 593 


Si 

5 373 

2 025 

4 8871 

8 C 

9 9304 

4.703 

3j 

ii 

a S 

2 025 

5 0121 

.8 85 

10 2100 

4 813 

ii 

5( 

3 023 

■2 02.5 

5 1371 

9 15 


4 021 

5t 

il 



5 2377 

9 45 

10 9119 

5 031 

51 

5i 

3 873 

2 5 

') 3027 

9 75 

n 2383 

5 140 

H 


0 0 

2 0 

5 4.877 

ID 0 

II 5470 

5 25 

6 


The tablc.s given Ixfiovv will be found iiK^ful in heat calcula- 
tions. and although not minutely accurate arc sufficiently bo for 
practical work The I3ntiah ihenual unit (Qtu.) is used, and 
the hcat-eneniics given are calculated u|>on the iLSsumption of G2® 
F as the initial temperature, aii<l tlie rc<lurtion of the temix;ralure 
of the products of combustion to the same point :w the standard for 
the computation of all heat-cncrjdcs 

Air by weight contains 23 parts O. 77 parts N. 

Air by \olume contaiiw 21 parts O. 79 parts X. 

Air consumtsl in combtMion’ 

1 i>ound C burned to CO consumes 1 33 ixjuiids O, with -i.-lO X, 
making 5 79 air 

1 pound C bume«l to CO3 consumes 2.667 pounds 0, with 
8.927 N, making 11.391 air. 
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Heal-uiiits 

For 1 Lb 

For 1 Cu Ft 

Decelojxil m 

of Combustible, 

of Combustible, 

Burning 

B t u 

Btu 

C to CO 

. 4.400 


CtoCO- . 

14,600 


CO to CO. 

4.325 

319 

U to H.O 

62.000 

327 

CH^toCO. anilH.O 

23,500 

1007 

C 0 H 4 to COj and H..O 

. . 21,400 

1593 


Of course hydrogen is tt'Ually only burned to steam, and the 
energj- in this ease at 02^ imtial anil 212® final temperature is 

52.000 hoat-uruts. or, niaKing both temperatures 212°, about 

53.000 heat-unit.'' Mam writers u*e this standard for hydrogen 
m their coniputatioas, but ui all theoretical calculations hydrogen 
should be jn\en credit for the eiiergj' dc\eloj>ed when the products 
of combustion are reduced t» the standard temperature and the 
tosses computed m its uiiluation from that standard 

h’uraljcr of cubic feet in one pound of the following gases at 
02* F. and atniosphenc pressure. 


\ir 

N 

O 

H... 

CO. . 

(•O 3 . 

CU 4 

C2H4 

Specific heat of hstlrogen 

“ “ “ all other ga"'C«ma\ be 

taken at 


13 14 cubic feet per pound. 
13 50 " “ “ " 

11 gs “ “ “ 

180 70 " “ " 

13.55 " “ “ “ 

8 CO “ “ “ “ 

03 32 “ " “ ‘ < 

13 46 ** “ •< “ 

3.4 

0 25 


The terms “hcat-units ” and “specific heat” are not well 
understixid i>y many pcojilc, but the following definitions by a 
well-known authontv will in.ake them deaf 

Specific heat is that quantity of heat required to raise one 
pound of any substance one degree compared with that required 
to raise the temperature of an equal w^eisht of water one degree. 
In other words, m writing down the specific lieat of any substance 
we do it m (omparuion with I'atcr That is to say, water is the 
unit or standaid. If it t.i1vcs three and four-tentlis times as much 
1 . nn/i of liv«lm"en onp dei'FPP ,ns fo raise one 

1 hydrogen 

I “■ e a pound 

« 3ne degree, 

. let, 0.1098. 
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MVLTII’LIElls ion 

IISDING 

TUi: LgnvAlXNT r.ate 

OF EVAI*OR.ATION 

OK \TrU KKOM \VD \T 212* F 

. FOR CI\XN PRESSURES OK STEAM 

AND TCMl’En-MVIlES OI 

■ HXD-WATER 





liuiUr 

Pre««urw i 

lb PoUDll^ 1 

;>er Square Inch above the Atmonphere 









• K*Lr 

0 

5 

10 

IS 

20 

23 

30 

32 

1 1S7 

1 192 

1 195 

1 199 

1 201 

1 204 

1 200 


1 

1 ISO 

1 192 

1 196 

1 198 

1 201 

1 203 


1 179 

1 1S4 

1 1S7 

1 101 

1 193 

1 196 



I 173 

1 178 

I 181 

1 185 

1 187 

1 190 

1 192 

50 

1 16S 

1 173 

1 177 

1.180 

1 182 

1 185 

1.187 

So 

1 1G3 

1 108 

1 171 

1 175 

1 177 

1 ISO 

1 182 


1 loS 

1 103 

1 ICU 

1 170 

1 172 

1 175 

1 177 


1 153 

1 158 

1 161 

1 IC5 

, 1 107 

1 170 

1 173 


1 148 

1 153 

1 156 

1 ICO 

1 103 

1 165 

I 167 


1 143 

1 US 

1 151 

1 155 

1 157 

1 100 

1 162 


1 137 

1 143 

1 146 

1 149 

1 151 

] 154 

1 150 


I 132 

1 137 

1 140 

1 144 

1 140 

1 149 

1 151 


1 127 

1 132 

I 135 

1 139 

1 141 ' 

1 144 

1 140 


1 122 

1 127 

1 130 

1 134 

1 ISO 

1 139 

1 141 

100 

1 117 

1 122 

I 123 

1 129 

1 131 

1 134 

1 130 


1 111 

1 117 

1 120 

1 123 

1 125 

1 128 



1 100 

I 111 

1 114 

1 118 

1 120 

1 123 


115 

1 101 

1 100 

1 109 

1 113 

1 115 

1 118 

1 120 


1 000 

1 101 

1 101 

1 108 

1 101 

1 113 


125 

1 091 

1 096 

1 099 

1 103 

1 105 

1 103 

1 110 

130 

1 0S5 

1 091 

1 094 

1 097 

1 099 

1 102 


135 

1 OSO 

1 083 

1 088 

1 092 

1 094 

1 097 



1 075 

1 OSO 

1 083 

1 087 

1 089 

1 092 


143 

1 070 

1 075 

1 078 

I 082 

1 084 

1 087 


150 

1 005 

1 070 

1 073 

1 077 

1 079 

1 082 

1 084 

155 

1 059 

1 065 

1 068 

1 071 

1 073 

1 076 


ICO 

1 054 

1 059 

1 062 

1 OGC 

1 008 

1 071 


105 

1 019 

1 054 

1 057 

1 OCl 

1 063 

1 066 


170 

1 (III 

1 049 

1 052 

1 036 

1 038 

1 061 


175 

1 039 

1 044 

1 047 

1 051 

1 053 

1 056 j 

1 058 

ISO 

1 033 

1 039 

1 042 

1 015 

1 047 

1 050 


ISo 

1 028 

1 033 

1 036 

1 010 

I 042 

1 045 


190 

1 023 

1 028 

1 031 

1 035 

1 037 

1 040 


195 

1 018 

1 023 

1 025 

1 030 

1 032 

1 035 


200 

1 013 

1 018 

1 021 

1 025 

1 027 

1 030 

1.032 

205 

1 008 

1 013 

1 015 

1 020 

1 022 

1 025 


210 

1 008 

1 008 

1 on 

1 015 

1.017 

1.020 

1.022 

212 

1 002 

1 002 




1 












nri: and misccll-vxlous data. 


113 


UlXTirUKU.-* FOR FINUINO Till: EQn\ \u:nt iute of lvatoratio.i 
OF u \T1 a FROM \MJ \T 2ir F FOR GI\i:X FRi::>SUUi:8 OF STLAM 
A\D TFMFElun III > OF FI i:i>-W ATEK— (Vttou^rf 


Traf»r- I llmltr Rwnur** in P««unl» |*r ;^u*re larli abo\e the Atmosphere. 


leeJ- 

tiO 

100 

120 

140 

ICO 

ISO 

200 

3' 

1 2.*l 

1 227 

1 231 

1 234 

1 237 

1 239 


3o 

1 221 

1 -224 

1 22 s 

1 231 

1 231 

1 2ir> 


40 

1 210 

1 219 

1 224 

1 220 

1 229 

1 2,11 

1 23.1 


1 210 

1 213 

1 217 

1 -220 

1 223 

1 225 


50 

1 2U5 

1 20 s 

1 212 

1 215 

1 218 

1.220 

1.222 

55 

1 200 

1 2(« 

1 207 

1 210 

1 213 

1 215 

I 217 

00 

1 105 

1 I'ts 

1 202 


1 208 

1 210 


05 

1 100 

1 193 

1 197 

1 200 

1 20.3 

1 205 


7(1 

1 l>s.5 

1 iss 

I 192 



1 200 

1 202 

75 

1 ISO 

1 1S3 

1 1.S7 



1 105 

1.197 

50 

1 174 

1 177 

1 ISl 

1 184 

1 1S7 

1 ISO 



1 100 

1 172 

1 170 



] 1S4 


00 

1 104 

1 107 

1 171 



1 170 


95 

1 159 

1 102 

1 100 



1 174 


100 

1 154 

I 1.57 

1 101 



1 1C9 

1.171 


1 MS 

1 151 

1 1.55 

1 158 

1 ICl 

1 1C3 


no 

1 Mi 

1 M() 

1 150 



1 158 


11 > 

1 ns 

1 Ml 

1 145 



1 153 


120 

1 1:53 

1 1.10 

1 140 



1 148 


125 

1 12 s 

1 131 

1 135 



1 143 

1.145 

130 

1 122 

1 125 

1 129 

1 1.32 

1 135 

1 137 


135 

1 117 

1 120 

1 121 


1 130 

1 132 


Mil 

1 112 

1 115 

1 119 



1 127 


14 ) 

1 107 

1 no 

1 114 


1 120 

1 122 


1.50 

1 102 

1 105 

1 109 

1 112 


1.117 

1 119 

155 

1 000 

1 099 

1 103 

1 100 

1 109 

1 111 


100 

1 091 

1 094 

1 098 



1 1(H) 


105 

1 OSfl 

1 089 

1 093 

1 090 

1 099 

1 101 


107 

1 0S1 

1 084 

1 OS.S 



1 (KJO 


175 

1 070 

1 079 

1 0S3 



1.001 

1.093 

ISO 

1 070 

1 073 

1 077 

1 080 

1 083 

1.085 


185 

1 005 

1 oos 

1 072 



1 oso 


lOI) 

1 000 

1 003 

1 007 



1 075 


195 

1 055 

1 058 

1 0G2 



1 070 


200 

1 050 

1 053 

I 057 

1 000 


1.065 

1 067 

205 

1 045 

1 ots 

1 052 

1 055 

1 058 

1 OCO 


210 

1 040 

1 043 

1 017 

1 050 

1 053 

1 550 

1.057 
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STANDARD SPECIFICATIONS FOR CAST-IRON PIPE 
AND SPECIAL CASTINGS. 


DEsCniPTION OP PIPES. 

Sectiox 1 Tiic pipe-? ssliall be mode with hub and spigot 
joints, and shall accurately conform to the dimensions gi\cn in 
Tables Nos I and 2, They shall be straight and shall be true 
circk's in section, with their inner and outer surfaces concentric, 
and shall be of the sjxicified ihmcik^ions in ouUidc diameter. They 
shall Ix! at leant 12 feet in length, cxcluaiic of socket. For pipes 
of each size from 1-inch to 24-inch, inclusive, there shall bo two 
standards of outside diameter, and for pipes from 30'inch to 
CO-inch, inclu'i\c, there shall l*c four standards of outside diam- 
eter, 5US shown by Talilo No - 

.Ml pi{>cs liaMng the same outside diameter sh.all liavc the 
same iti.'>uic dnuncter at both cuds The inside diameter of the 
lighter i)i]>es of each .-ftand.anl outside <|iaincter shall lie gradu- 
ally incrca.'od for a dhtame of alxmt C inches from each end of 
the pii'C so as to obtain the rr<iuired .'•fandard tluckncss and weight 
for eacli size and (la.v< of pii>o 

I’ljics wIiO'O st.ind.inl thickness and weight .ire intermediate 
l«twccn the cl.i.v'O.s in Table No 2 shall be made of the same 
out-idc diameter lu* the ne\t heaMcr el.xv* Pijics whose standani 
tliickiicss and weight are Iev« than sh«»wn by Table No. 2 slmll 
be iimdc of the ••.line out.''idc diameter as (he Class .V pi|)cs, and 
pijics who-e thiikiicss and weight are mure than .shown by Table 
No. 2 shall lx? ni.ule of the same outside diameter as the Class D 
pijx-s 

For pifxsi l-iiuh to I2-inrh, tnclu'uc. one cl.xss of s|x?cial 
c.'istings siiall !x? furni-luxl, imule fnmi Cla-s D pattern. Those 
ha^ing >|)igot cml.i sliall hinc imt-sidc diameters of spigot ends 
iiiiilxMiv ix'twecn the two .standards of outside diameter a.s sliown 
by Taldc No. 2, anil sliall Ix? ta|x?rcd Kick for a distance of C inches. 
For pi|X“s fnmi 1 1-iiich to 2l'inch, inclusi%e, two cI.'lsscs of sfx?cial 
c.Tstings .sliall lo funiLshcd. CIa.ss IJ sixxial castings with Chasscs A 
aiui H piix^s. and Class I> sjX-xial c.aslirigs with Classes C and I) 
pijx-', the fonner to *tamjxxl “AH’* aiul the latter to Lx> '>tamfxxj 
•‘CD". For pi[x-H .'lb-inch l« Ctl-incli, incltisixe. four cl.a.vxsi of 
sjx-ii.d castings s}j.,l| l^. funu-shwl, one for eadi rl.i.ss of jiljx?, anil 
sii.dl be stanijxil with the letter of the class to which they Lelong. 
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AliOWADLE V.UIIATION IN* DI.UIETCB OK PIKES AND SOCKETS. 

Section 2 E^Ix;claI c.-ire shall be taken to have the sockets 
of the required size The socket* and spigots will be tested by 
circular gages, and no pipe will be receu'ed wluch is defeetuc 
in joint room from any cause The diameters of the sockets and 
the outside diameters of the bead ends of (he pipes shall not vary 
from the standard dimensions by more than 06 of an inch for 
pipe* 16 inches or less in diameter, OS of an inch for 18-inch, 
20-inch. and 24-inch pipes, 10 of an inch for 30'inch, 36-mch, 
and 42-inch pipes; 12 of an inch for 4S-inch, and .15 of an inch 
for 54-inch and G0*inch pipes 


ALLOWABLE %AniVTION IN TIlICSN'ESSr 

Section S For pipes whosO standard tUtcktiesa la less than 
1 inch the thickness of metal m (he body of the pipe shall not 
l>e more than 08 of an mcli Ics'* than the standard thickness, and 
for pipes who'C standard thickness is 1 inch or more, the varia- 
tion ‘•hall not e\cecd 10 of an inch, except that for spaces not 
eTceoiliiig 8 inches in length m any direction, variations from the 
standard thicknes.s of 02 of an inch in excess of the allowance 
above giien shall be permitted 

For special castings of standard patterns a vanation of 50 
per cent, greater than allowed for straight pipe shall bo permitted. 


DEKECTIVC SPIGOTS ILAY BE CUT. 

Section 4 Defective spigot ends on pipes 12 inches or more 
in diameter may be cut off in a lathe and a half-round wrought^ 
iron band shrunk into a grooic cut in the end of the j>ipe Not 
more than 12 per cent of the total niunbcr of accepted pipes of 
each sue shall be cut and banded, and no pipe shall be banded 
which is less than 11 feet in length, excIush’O of the socket. 

In case the length of a pipe differs from J2 feet, the standard 
weight of the pipe gi\en in Table No. 2 shall be modified in accord- 
ance therewnth. 


SPECIAL CASTINGS. 

Section 5. All special castings shall be made in accordance 
with the cuts and the dimenaons pven in the table forming a 
part of these specifications 

The diameters of tlie sockets and the external diameters of 
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the bead ends of the sj)ccial castings shall not vary from the stand- 
ard dimciL'ions by more than .12 of an inch for castings 16 inches 
or less in diameter; .15 of an inch for 18-inch, 20-inch, and 24-inch; 
.20 of an inch for 30-inch, SG-inch, and 42-inch, and .24 of an 
inch for 4S-mch, 54-inch, and GO-inch. These variations apply 
only to special castings made from standanl patterns, 

The Hanges on all manhole castings and manhole coAcrs shall 
be faced true and smooth, and drilled to rccchc the bolts of the 
sizes gi^on in the tables The manufacturer shall furnish and 
deliver all bolts for bolting on the manliole covers, the bolts to 
be of the sizes shoun on plans and made of the best quality of 
iniltl steel, with hexagonal heads and nuts and sound, well-fitting 
threads. 


M vnKLVGS. 

Sectio.n G E\cr>’ pii>e and special casting shall have distinctly 
cast upon It the imtials of the maker’s name. When cost csixi- 
ciall> to order, each pipe and ^|)celal casting larger than 4'inch 
may also ha\c c.'Lst upon U figures showing the year in wlucli 
It was cast and a number signifying (he onlcr in point of time 
in wluch It wa.1 ca^t, tlic figures denoting the year l^ing abo^c 
and the number below, thus 

loot iMt 1001 

1 2 3 

etc , aldO any miiiaU. not cxtccding four, which may lx required 
by the purclio.'cr The letters and figures shall le cost on the 
outside and shall be not les.s than 2 inches in length and I of an 
inch in relief for |ii])cs 8 inches m diameter and larger. I'or 
sinallcT ^izcs of iii|)cs the letters m.iy }x 1 inch in length. The 
weight and the rl.iss letter shall lx coii.'ipicuou<;ly paiiiteil in white 
on the inside of each i>i|>c and sjxcia! ca.->ting after llic coating 
has Ixcoinc hanl. 

.CLLOWaIILK PtllCK-NTACi; OF VAIU.\TIO.V l.V WUCUT. 

Slctiov 7. No pijw shall Iw accepted the weight of which 
shall be U.'ss than the standard weight by more than 5 jxr cent, 
for pif>cs IG inches or Jivvs in diameter, arul I jxr cent. forpif)Cs 
more thaw W> vwtlvci iw dvwttxter, and ewt-* atmve the standard 
weight of more than the given ixrrcntages for the several sizes 
.-h.di be paid for. Tlic total weight li> lx paid for shall not cxcectl 
for c-ich ."ize and class of |H]tc rcceited the sum of the standanl 
wiigliLs of tlie same number of pieces of the given size and class 
by more than 2 jxr tent. 
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Ko sixjcial casting shall be accepted the weight of which shall 
be less than the standard weight b}’ more than 10 per cent for 
pipes 12 inches or less in diameter, and 8 per cent for larger sizes, 
except that cunes, Y pieces, and breeches pipe may be 12 per 
cent, below the standard weight, and no excess above the standard 
weight of more than the al»vo percentages for the several sizes 
will be paid for These variations apply only to castings made 
from the standard patterns. 


QUAUTt' OF IRON. 

Section 8. All pipes and special castings shall be made of 
cast iron of good quality, and of such character as shall make 
the metal of the castings strong, tough, and of even gram, and 
soft enough to satisfactoniy adroit of dulling and cutting. The 
metal shdl be made without any admixture of cinder iron or 
other infenor metal, and shall be remelted in a cupola or air- 
furnace 


TESTS OF UATERIAL. 

Section 9. Specimen bars of the metal used, each being 
26 inches long by 2 inches wide and 1 inch thick, shall be made 
without charge as often as the engineer may direct, and, in default 
of definite instructions, the contractor shall make and test at 
least one bar from each heat or run of metal The bars, when 
placed flatwise upon supports 24 inches apart and loaded in the 
center, shall for pipes 12 inches or less m diameter support a load 
of 1900 pounds and show a deflection of not less than 30 of an 
inch before breaking, and for pipes of sizes larger than 12 inches 
shall support a load of 2000 pounds and show a deflection of not 
less than 32 of an inch. The contractor shall have the nght to 
make and break three bars from each heat or run of metal, and 
the test shall be based upon the avera^ results of the three bars. 
Should the dimensions of the bars differ from those abo\e given, 
a proper allowance therefor shall be made in the results of the 
tests. 


CASTING OF PIPES, 

Section 10. The straight pipes shall be cast in dry sand 
molds in a vertical position. Ihpes 16 inches or less in diameter 
shall be cast with the hub end up or down, as specified in the 
proposal Pipes 18 inches or more in diameter shall be cast with 
the hub end down. 
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and coating of the pipes and special castings. The forms, sizes, 
uniformity, and conditions of all pipes and other castings herein 
referred to shall he subject to his inspection and approval, and 
he may reject, without proving, any pipe or other casting which 
is not in conformity with the specifications or drawings. 


INSPCCTOR TO REPORT. 

Section 18. The inspector at the foundry shall report daily 
to the foundry office all pipes and special castings rejected, with 
the causes for rejection. 


CASTINGS TO BE DELIVERED SOUND AND PERFECT. 

Section 19 Ail the pipes and other castings must be delivered 
in all respects sound and conformable to these specifications. 
The inspection shall not relieve the contractor of any of his obli- 
gations in this respect, and any defeeUxe pipe or other castmgs 
winch may ha\e passed the engineer at the works or elsewhere 
shall be at all times liable to rejection when discovered, until the 
final completion and adjustment of the contract; provided, how- 
ever, that the contractor shall not be held liable for pipes or special 
castmgs found to be cracked after they have been accepted at 
the agreed point of dcUxciy. Care shall be taken in handlmg 
the pipes not to injure the coating, and no pipes or other mate- 
rial of any kind shall be placed m the pipes during transporta- 
tion or at any time after they receive the coatmg. 


DEFINITION OP THE WORD “ENGINEER." 

Section 20 ^Micrexcr the word “engineer" is used herein it 
shall be understood to refer to the engineer or inspector acting 
for tlic purchaser and to his properly authorized agents, limited 
by the particular duties intrusted to them. 


ST-VNDARD RIPE SPECIALS. 

The following sections, dimensions, and weights of cast-iron 
pipe spcci.ald were adopted by tlie American Ga.elight ^Wocialion 
before it was merged into the American Gas Institute. They arc 
the result of \cars of consideration and pretty well represent the 
axerage g:is comp.iny rc<iuircment». 
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TABLE NO 6— BRAN'aiES<C0niinu«ii) 


(Dimenaioiis lo laches ) 
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HULL NO C— DRANCHrS<Cc«Ji'it<ed) 


(D mcbMoiis IB Inc’in ) 


Notnjri&l 

.4 

D 

c 

1> 

r 


}' 

O 

O&SB, 

2l) 

.0 

I'J 

.1 

Kl 

1 >3 

1 C2 

2 50 

A-B 

20 

20 


n 


1 2» 

1 ()2 

2 50 

OD 

21 

G 

21 

.11 





A-B 

-’1 

Q 

21 

31 





G-D 

24 

it 

21 

1.1 






21 

h 

21 

ti 





C-D 

21 

10 

21 

31 





A-B 

21 

10 


1.1 





C-D 

21 


21 

.1.1 

21 

1 2> 


2 50 

A-B 

21 



n 


1 2o 


2 50 

C-D 

21 


21 

St 



1 62 

2 50 

A-B 

21 




jl 

1 25 

] 62 

2 50 

C-D 

21 

16 


11 

2l 

1 25 

1 62 

2 50 

A-B 




31 


1 25 


2 50 

C-D 

21 



1.1 


I 2.4 

1 62 

2 50 

A-B 

21 



.1-1 


1 '25 

1 62 

2 60 

C-D 

21 

20 


« 


1 25 


2 50 

A-B 

21 


21 

11 


1 2.3 


2 so 

0-D 

21 



31 

21 

1 25 



A-B 

21 


•21 

•« 




2 50 

C-D 

30 

12 






2 SO 

A 



lo 


24 



2 50 






24 

1 25 

1 62 

2 50 

C 

30 

12 


27 

24 



2 50 

D 

3(1 



28 




2 SO 

A 









B 








2 60 

C 




28 

24 

1 23 


2 50 

D 



17 

29 

21 



2 50 

A 



17 

29 

24 



2 50 

B 




29 




2 .'■>0 

C 



17 

29 

24 



2 50 

D 



18 

32 

24 



2 50 

A 




32 

24 



2 50 

n 

311 


18 

32 

24 



2.50 

c 




32 




2 50 

D 





24 



2 50 





34 

24 

1 2» 


2 50 

B 





24 



2.50 

c 


20 



24 

1 2'i 


2 50 





.16 

24 



2 50 




21 

.16 

24 



2 50 

H 





24 



2 50 






24 



2 50 



30 



21 



3 00 





41 

24 

1 .50 


3 00 





41 

24 



3 00 


30 

iO 

21 

41 

24 



.1 00 

D 
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TABLE NO 6— Bn.\XCHES iConlinued). 


(Dimeosiona in Incbea } 


Nmma&t 

A 

a 

c 

D 

£ 

X 

Y 

a 

Class. 

36 

12 

lo 

27 

27 

1 25 

1.G2 

2.50 

A 

36 


13 

27 

27 

1.25 

1.62 

2.50 

B 

36 

12 

15 

27 

27 

1 25 

1.02 

2.50 

C 

36 

12 

15 

27 

27 

1 25 

1 62 

2.50 

D 

36 

U 

16 

28 

27 

1.25 

1 62 

2.50 

A 

36 

11 

10 

28 

27 

1 25 

1.62 

2.50 

B 

30 

11 

16 

28 

27 

1 25 

1 62 

2.50 

C 

30 

14 

16 

28 

27 

1 25 

1 62 

2.50 

D 

36 

10 

17 

29 

27 

1 25 

1 62 

2.50 

A 

30 

16 

17 

29 

27 

1 25 

1 62 

2.50 

B 

36 

16 

17 

29 

27 

I 25 

1 62 

2 50 

C 

36 

10 

17 

29 

27 

1 25 

1 62 

2 50 

D 

36 

18 

IS 

32 

27 


1 62 

2.50 

A 

30 

18 

18 

32 

27 

1 25 

1 62 

2.50 

B 

36 

l.S 

IS 

32 

27 

1 25 

1.C2 

2.50 

C 

36 

18 

18 

32 

27 


1.62 

2 50 

D 

30 

20 

19 

31 

27 


1 02 

2.50 

A 


'20 

Id 

34 

27 

1 25 

1 62 

2 50 

B 

36 

20 

19 

34 

27 

1 25 

I 62 

2 50 

G 

36 

20 

19 

34 

27 

1 25 

I 02 

2 50 

D 

36 

21 

21 

30 

27 

1 25 

1 62 

2 50 

A 

30 

21 

21 

30 

27 

1 25 

I 02 

2.50 

B 

30 

21 

21 

30 


1 25 

1 02 

2.50 

C 

36 

21 

21 

30 

27 

1 25 

I 62 

2.50 

D 

30 

30 

24 

41 

27 

1 50 

2 00 

3 00 

A 

36 

.ill 

24 

41 

27 

1 50 

•2 00 

3 00 

B 

36 

30 

24 

41 

27 

1 50 

2 00 

3.00 

C 

30 

3(1 

21 

II 

27 

1 50 

2 00 

3 00 

D 

30 

30 

27 

14 

27 

1 50 

2 00 

3 00 

A 

30 

30 

27 

11 

27 

1 50 

2 00 

3.00 

B 

30 

30 

27 

41 


1 50 

2 00 

3.00 

C 

30 

36 

27 

41 


1 .50 

2.00 

3.00 

D 

4J 

12 

l.> 

27 

:in 

1 2.> 

1.C2 

2 50 

A 

42 

12 

l.> 


3(1 

1 2.') 

1.G2 

2 50 

B 

42 

12 

l.> 

27 

:ui 

1 2.» 

1.02 

2.50 

C 

42 

12 

l.'> 


10 

1 2.» 

1.62 

•2.50 

D 

12 

1 

10 

2S 

30 

1 25 

1 62 

2.50 

A 

42 

1 

10 

2S 

«l 

1 25 

1 02 

2.50 

B 

42 

1 

10 

•2s 

:io 

1 25 

1 02 

2..*»0 

C 

42 

1 

10 

2S 

30 

1 25 

1 02 

2..'>0 

D 

42 

16 

17 

29 

30 

1 25 

1 02 

2.. 50 

V 

42 

10 

17 

29 

.to 

1 25 

1 62 

2.50 

n 

42 

}{} 

17 

111 

.TO 

} 25 

1.62 

2 :>o 

0 

J2 

10 

17 

29 

30 

1 .25 

1.02 

2 .50 



18 

18 

J2 

30 

1 2.» 

1 02 

2.50 

A 

42 

IS 

IS 

.12 

30 

1 2,5 

I.G2 

2.50 



IS 

IS 

.12 

.U> 

1 2.'> 

1.62 


C 

42 

IS 

VS 

.12 

.Ml 

1 25 


2 50 

1) 



PIPE AND MISCELLANEOUS DATA. 


431 


T\DLE NO 6— DB.VNCHEd(CoriinyfJ) 


Nonuuai 1 

B ^ 

1 

" 1 

D 

E 

X 

r 

a 

CUm. 

4J 

JO 

19 

34 

30 

1 25 

1 62 

2 50 



JO 

19 

34 

30 


1 62 

2.50 



JO 

19 

J4 



1.62 

2.50 



JO 

19 

34 

30 

1.25 

1 62 

2 50 



J4 

J1 

36 



1 62 

2 50 



J4 

J1 

Ml 



I 62 

2.50 



J4 

J1 

3»> 



1 62 

2 50 



J4 

J1 

J<> 



1 02 

2.50 




J4 

41 


1 50 

2 00 

3 00 




J4 

41 



2 00 

3 00 



JO 

J4 

41 



2 00 

3 00 




J4 

41 



2 00 

3 00 





41 


1 50 

2 00 

3 00 





41 

30 

1 50 

2 00 

3 00 





44 

30 

I 50 

2 00 

3 00 




■27 

44 



2 00 

3 00 




JO 

47 



2 00 

3 00 



Kl 

47 



2 00 

3 00 




30 

47 

30 

1 50 

2 OU 

3 00 




30 

47 


1 50 

2 00 

3 00 




17 

J9 



1 G2 

2 50 




17 

29 




2 .SO 




17 

29 




2 50 




17 

29 




2 50 




18 

32 




2 50 




18 

32 




2 50 




18 

32 




2.60 




18 



1 25 


2.50 




19 

34 




2 50 



JO 

19 

34 


1 23 


2 50 




19 

34 




2 50 




19 

34 




2 50 




21 

36 

33 



2 50 




•21 

36 




2 50 




21 

16 




2 50 




21 

36 




2.50 




24 

41 

31 



3 00 




24 

41 


1 .>0 


3 00 


18 


24 

41 

33 



3 00 




24 

41 

3) 



3 00 





44 

33 



3 00 





44 

33 



3 00 




27 

44 




3 00 





41 

33 



3 00 




30 

47 

33 



3 00 




30 

47 

33 

1 00 


3 00 





47 

3.1 



3 00 


4S 

4J 

30 

47 

33 

1 50 

2 (K) 

3 00 

D 
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TABLE NO fl -BLOW.OFF niUNClIES %MT1I MANHOLES. 
(DitpepMoo* ID lD«b«* ) 
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TABIX NO 9 {Continutd) 
(Dimennons in Iscbc# ) 



OOt3>OCat3>OOtJ>-OOC3>-OOW>- 











m 


AMEniCAN G.\S-ENGINEEIUNG rilACmCE. 

TABLE NO 11 {ConltnueJ) 

(DimenMOo* to laches ) 


Nominal Diameter 
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T\liLC SO 12— SLEEVES. 


I Ditarorion* «■> lorhM ) 


VotzuriAi 

DiMuctrr 

CU« 


a 


0 

SH 


D 


'C 

1 30 

10 

5 SO 



D 


'lO 

1 40 


7 00 

HSm 




'J) 

1 30 


to 10 





rt> 

1 CO 


12 20 



u 


'i) 




0 85 


A-U 


.'ft 




0 85 

14 



'/3 




0 00 


A -11 


~b 









1 00 



1 00 



1 


1 00 





C-lJ 

1 


2 to 

J 00 

15 

22 70 

1 05 

I 00 






15 


1,15. 



2 


















2 30 








2 30 


33 10 














3 00 

15 







2 50 








2 SO 



1 40 





3 10 

15 







3 40 








2 50 








2 SO 








3 10 




~s 




3 40 




« 

42 

42 

42 

42 

42 

42 

42 

A 

13 

C 

D 

A 

U 

C 

D 

H 

2 SO 

3 00 

3 40 

3 SO 

2 SO 

3 00 

3 40 

3 SO 

15 

15 

15 

15 

20 

20 

20 

20 

45 GO 

46 20 
4C.70 

45 50 

45 60 

46 20 
46.70 

1 40 

1 50 
1.75 

1 95 

1 40 
1.50 

1 75 
1.95 
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TADLE NO IS— BELL PLVC. 










PIPE MISCELLA.NE0C3 n.— • 


NOTl, RLGVItDl^C LCCS 0» BIUXCE» 
Lugs of tbo form and dimcD&ions gi\eQ in the pnsi-dz— • 
ploccil oil the hclU of side outlets on all btancbcf, oc ostT 
diameter and brgcr uhen desixed ’ ”* 


NLUDER AND tfEIGHTS OF LCGS ON OUTLETS OF Uiri' ’ 


I>i*niei«r 
of OuUtt 

N^^P»»n 

Weight o/ 
Lun on Ono 
UelLLho. 

PtMoetCT^ Outlet, 

h.0 e' i-. 
oJ 

12 


32 

36 




32 

42 


26 


66 

•IS 


18 


56 

54 Cl&ss A and B 


20 

6 


51 •* C •' D 


2i 

6 

5C 

00 “ A ■' B 

* 

30 

6 

SO 

CO “ C •' D 

b 


A METHOD OF ‘‘CUTTINQ-IN’' Sp£CUt' 
Made in 4." to 16” diameters, inclusive, and • 
nated for use tihcrc it is necessary to cut a street ” 



Cut A. 


ting an extra hydrant, the opening^ of a new ^ 

introduction of any other large service. ' 



Cu. U 


The al>o\c cuts illustrate the advantage of tluj . 

Special, one end of which is cnlaigcd back of Ukj ‘ ' 


ad 


iro- 

ing 


AMEIUCAN* G-VS-ENGlXEEiUKG PIUCTICE. 


}o2 

its face made slightly oblique to tlie axis of the Special. Thus 
it U readily inserted as shown and necessitates hut two joints. 
At the back of the bell juid parallel to its. face there is a projec- 
tion ornbwhich fits the main pipe and forms a stop for the yam. 
The Special is so made as to be adapted to var^-ing thicknesses 
of pipes and presents no difficulty In making up. 


T\iiLi: OF stan'D.\rd sizi:s, cltti\g-i.s TP-US. 


Di>me^er in 

LajinR ^DciU 

wilebt la LLa. 

W'lll In 

n Pipe pf 


Innida Dinmcicr, 

Tl.icknn*. 

Ibchrn 

3X 3 

IQ 

00 

. 



•tX 4 

10 

lUO 


A to A 

OX 0 

31 

too 

G 

1 “ 


8X 8 

2.1 

200 

8 

“ 


10X10 

24 

.'{.VO 

10 

A “ 


13X13 

24 

.VO 

13 

A “ 


14X14 

31 

TSO 

14 

i ■' 1 

! 

lOXlG 

31 

9» 

IG 

i 



Suio uutlcd of didcrcnt Uumeiir than mam tun. to order oa 


Among the adv.antagcs in the usiC of this Special .are diminished 
excavations, s.avuig in joints and lal>or, absi-iico of holding and 
blocking up of pieces, \anation of an inch or two in length of 
piece cut , led length of time 

the water the “Cuttlng-in” 

Spcci.al m; , . • rcssarj*, and where 

there U any uncertainty as to the location of tide stircts, it is 
cheaper to make the work rontuiuous and “cut-in” branches with 
this SiX'Ci.nl as required. 

Tlicrc .are aho might lkngtjih of iti-b with the r\Ti,.NTLD iii.ll 
and a spigot or with the patkntld nrtL and an okdisaiiy iu-li. 
ESD. Wlicre .1 change of grade or .alignment is not "uflicient to 
require a curved pit«2. this fonn of thort pi|)o admimbly answers 
the pur|)o^. With them alsoa break can Is? repaiml without a 
tlecvc with the ]o.a.st e.ac.avatiou and with but one c\tr.a joint. 

Under onlinar)'circum.‘lanres, how ever, the author rccomnunds 
tlui method illustrated in Cut A. 
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FLEXIBLE-JOINT PIPE. 

Made In Lengths to Lay 12 Feet. 

The joint A is that usually cmplojccl, and admits of the lead 
gasket mowng upon the intenor surface of the bell, which is care- 
fully machmed This design is sometimes modiGed by adding 
one or more lead grooves ujwn the spigot end. 



The design C is a more expensive joint, intended for the larger 
siie of pipe, especially when they are used for conveying water 
under considerable pressure This joint has a split retainmg 
rmg or collar bolted to the hub, as shown, forming a very secure 


FLCXIBLE-roiNT PIPE. 

(Weiebts mre apbrosimftle ooly ) 


D?»raet*er 
of Plpt. 

iBcbe* 

TbirkevM 
uf bbell 

10 Inclica 

Uriebt 

P*r 

L^h, 

L«aJ 

jMDt. 

Lbs 

Tos<4e 
OiBinetsr 
oC Pip*, 
lacbss 

Tbicknoss 

ofS^eU 

Weight 

L.-ngtlj. 

LIm 

Le«d 

Lbs 

4 

A 

350 

10 

iC 

u 

2190 


4 

A 

280 

10 

10 

ii 

IGGO 

77 

6 

1 

550 

15 

18 


2040 


6 

i 

440 

15 

18 

H 

1900 

93 

8 

i 

730 

21 

20 

lA 

3220 

112 

S 

i 

590 

21 

20 

11 

25()0 

112 

10 

H 

1000 

28 

24 

H 

40.» 

144 

10 

A 

S30 

28 

24 

11 

3440 


12 

a 

1410 

38 

30 

1} 

Q190 

ISl 

12 

i 

1100 

38 

30 


4870 

ISl 

14 

i 

1770 

G1 

30 

U 

t>500 


14 

11 

1450 

C4 

30 

n 

6770 

250 


454 


AMERICAN GiVS-EXGINEElUNG PRACTICE. 


connection. For ■ 

lengths may be ns 

with a line partly i , . . ^ . 

usually resulting m extra expense, full-length piiw, necessitating 
fewer joints, are generally to be preferred 

In standard flexible-jomt pipe the maximum deviation per- 
mitted b> the joint is 10®, taken in any direction. 

In selecting the thickness of pipe for a submerged line, the 
internal pressure under which it tvill be in &c^^•ice is seldom the 
determining factor, as ample allowance should be made to mim- 



C. Spigot End.^Iachiocd Outside and Filled wilL Retaining Ring or Collar, 
Complete with Units • 

mize the risk of breakage m laying, and to withstand external 
shocks from floating ice or other objects. Tlic enlarged hubs 
naturally add matonally to the weight of flexible-joint piping; 
and the thicknesses and weiglits suggested in the table may be 
taken as in line with good practice. 

Made regularly in lengths to lay about twelve (12) feet. 

A full assortment of flexible-joint pijx) of design and of 
about the weiglits given in the table, usually in stock. 

Design C to order only 

Short sections, design C, of sizes 20" diameter and upward, 
for laying between ordinary pipe, to order. 

Inquiries should state the approximate quantity of pipe, the 
thickness of shell, or weight per length, and time and place of 
deJjve/y dcsirod. 
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Kouckle-joiots 


KNCCKLWOINTS. SHORT SECTION’S 
Srrte A 


Di&met«r 

Thiek* 

Ss 

Outbid* 

Uiamrter 

otFlaaice. 

lD<bc« 

La>ing Laiictb 

Approumate WVight m Lba 

I?d' 

Dell and 

lDcb«« 

Joint with 
Bell or 
BeU-aod. 

Zf.' 

wlhout 

Lead 

Flanga 

Ltidi, 

without 

Lead 

Lead 

Jmot. 

4 

A 

0 

10} 

2/1 

10} 

100 

so 


6 


1! 

m 

31} 

11} 

140 

100 


8 


ni 

12} 

24} 

12} 

220 

160 


10 


IC 

14} 

20} 

14} 

310 

230 


12 


10 

16 

28 

16 

440 

350 


14 


21 

17| 

29f 

17} 

580 

400 


16 

i 

23J 

19} 

31} 

19} 

780 

C40 

77 

18 

u 

25 

21} 


21} 

900 

800 


20 

1 

27} 


35 


1280 

1050 


24 


32 

25} 

37} 

2oi 

1700 

1410 


30 


3S| 


41 


2720 

2300 



li 

45} 

32} 

■H 

32} 

4100 

3570 

250 




Tools for Laying Cast-iron Pipes. — After the material, in- 
cludiDg pipe and fittings, yam, cement, or lead, has been ordered, 
the ^ollo^\lng tools ^\ill be netted for the work. The number of 
laborers required and the tools needed will, of course, vary with 
the size and length of the mam to be laid. If a considerable main, 
say 4, 6, or 12 inch, to each fifty laborers two pipe handlers in 
trench, one yamer, four calkers, one lead-jointer, and one blocking 
man will be sufRcicnt to start the men. 

1 tapping-macliinc, i" to2"taps. 

4 calking-hammers. 

2 Trimo renches, 18" and 24". 

4 8-pound stnking'hammers for use with dog-chisel in cutting 
cast-iron pipes ♦ 

2 15" monkey-wrenches. 

3 dog-chiscls with handles. 

1 2-lb. machinists’ hammer. 

1 12-lb. sledge-hammer. 

2 pa^ing-hammeIS. 

4 sets calking-tools — 8 pieces to the set, 

6 Iead-chu«ls. 

4 splitrchisels. 

4 yaming-irons. 

6 cold-chibcls. 

6 diamond-points. 

2 5-ft. crowbars. 

JO rrulroad tamping-bars, 

6 4" trowels 

1 10" trowel. 

2 18" bpirit-le\el3. 
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1 hand-saw 

1 2-man saw. 

2 axes 

2 dozen slrect-Iantems with red giobes. 

1 dozen iron-plug dirt-poundcre 
1 5-gallon kertteenc-oil can 
1 15X30 galvanized-iron cement can. 

1 lUO-ft metallic tape measure 
1 12-ft. piix^^crapcr for scraping dirt out of pipe. 

1 wheelbarrow 
4 street-brooms 

1 salamander furnace with lead kettle for same. 

2 small lead kettles for pouring joints 
2 pieces Mamla rope 30 feet long 

2 tnpods A demck or crabs 
2 Yale &. Tow n chain-block, or similar make. 

4 tunneling-shovels 
90 railroad-picks. 

40 pick-handles 

00 shhrp-nose D-handle shovels 

10 flat-nosc D-handle shovels for bottom work and street- 
cleamng 

1 lot assorted gas-bags ThcMi should never be left around in 
the tool-box. but should be called for needed. 

6 12X18X4" galvanized-iron cement pans 
4 galvamzcd water buckets 
4 pairs rubber gloves 

Wooden plugs or stoppeis to fit various size mains. 

2 tool-boxes — 1 for lighter material and 1 for picks, shovels, 
crowbars, sledges, etc. 

1 or more three-wheel pipe-cutters to cut from J" to 2". 

1 threading-machine j" to 2", or Ueav er die stock and portable 
vise 

2 slings of rope 

0 forks (for separating gravel). 

2 .sets of Lawn honeshoes for tamping (discretionaiy). 

1 set C I jiiiie-cutters, Hall or Rodficld type, with extra links. 
Under some circumstances on long lines .a pneumatic hammer, 

the compressor being driven by portable gasoline eiipne and the 
hammer fitted with calking-tools, mav be used to advantage. 

WTougVrl-iTon Lcrw-prcssuic Mains. — In laying wrought- 
iron mams the preparation to be made is the same as for cast-iron 
mains, with the exception that it is not customary in laying low- 
pressure natural-gas mains to make any’ provision for laying to 
grade. There is, of course, some difference in the tools rec^uired 
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for the V. ork. In addition to the ordinary tools required by the 
laborers for digging the trench, etc , the following tools will be 
needed by the pipe-laycrs. 

2 sets stocks and adjustable (retreating dies) for rechasing and 
cleaning threads. 

Swabs for cleaning out the different-size mams» 

2 pipe-jacks and boards 

4 pairs of tongs for each size main to be laid. 

2 sets of chaia-tongs. 

Diamond-point chisels. 

Cape-chiscla 

Macliimsts' hammere. 

Croubars. 

1 large air-pump (may be power driven) and gage. 

The lay-tongs are pipe-tongs made for this kind of work. They 
are xary long, are buiU heavy, and the bit is held in place by a 
Mcdge, and having four sides can be turned and a fresh biting 
edge obtained. Cham-tongs arc bot for httings. 

Where the work is extensive and a long line of pipe to bo run, 
a power winch, iMth two liand-whcels and a chuck for holding the 
pipe, maj be used to advantage for screwing home pipe, the joint 
being started by liand and several lengths being screivcd atone 
operation. 

Blastlng'—Whcrc it is ncccssar\' to blast in close quarters, or 
where the * 

obviated i 

a hea\7 r< , ... 

being N\eijihcd down by Ueaxw titnlicrs and stones. The mesh of 
the nets should not exceed three to four inches and the net laid 
slack. 

Service Gang and Tools. — A scmcc gang usually consists 
of one fitter and hn- helper anil three to laborers. A competent 
fitter may be foreman of this gang. In addition to tho srOr\dcc 
xxagon contamvng pipe-longtiis, fillings, etc., and a portable vise, 
cither with bench or sitt.'ichable to a post, the equipment usual 
for each gang is- 

3 bliarp-nose D-haiidle shovels. 

1 hct adju't.able stotk and dies, Bca\er tj-pe. 

1 ratchet vt<nk aiul dic>, for trench and repair work. 

1 long-handled slio\ el for tunneling. 

4 raifroad-picks with handfes. 

2 steel forks for separating dirt and gra^-el. 

2 3' 6" crowbare. 

1 strccP-brooin. 

1 tapping-matlunc, X’ to 2". 
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1 1:2-11). 

2 lb" and 124" Tnmu wreuclica. 

1 10" Tnuio wrench 

2 IS" Wall- hiscLs 

1 3-whcel jjiiX'-iuHer (with extra wheels) for trench. 

1 hatchet 

1 wheel pii>e-cutier for msC woA. 

1 IS" ba^urd file 

1 2-lb. machinist’s hammer 

1 oil-can and oil 

3 lanterns and red ;;lobes, | oil-can for&amc. 

1 tmall test-pump and Kas;c 

No laborin'! «an;! should lie allowe*! to assemble upon the work 
without proiicr tool and suppli equipment, aa enormous delays 
frequently occur, due to the lack of some necessaiy tool, and tlio 
cost of the ojicratum is corie^pondmgly increased. 

The use of the ubo\e mxciUones will be found of souic coji- 
^cnicnce for clieckinc up the equipment prior to tlie start of Iho 


' >nsil)lc. * 

I * . 1 cu. yd. 

An earth-wagon (large Mze) 3 tu. yds. 

Wheelbarrow, 0 1 cu 'd 

One single load of cartb=27 cu. lt,“2l bushels. 

One double load of earth»»M cu ft. 

One cu. yd of gr.'i%el= IS bu (m the pit). 

One cu. m 1 of pra'el=!24 Ihi. (when dug). 

When formed into embankments grrael sinks i in height and 
decreases ^ in bulk. 

Earth (wclWrained) will stand in embankments about IJ to 1, 

(O’Connor ) 

Weight of Yarn. — In m.nlviug lead joints for c.'xst-iroii mains 
the weight of calking-yam iiccessaiy h about ns follows: 


DuiiHtcr I’lpc, 
Jncbi's 
3 
1 
G 
8 
10 


WEiailT OF Y\BV PKR JOINT. 


tVciglil cf Y ml, 

Dijcnctcr Pipe. 


C)iinc.--k 

Inches. 

Ounces. 

3 to 31 

12 

10 


IG 


•IJ 

20 

141 

5} 

23 

2li 

Gt 

30 
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Economic Sizes of Purifying-boxes (Newbig^n’s 6th Edition). 
— " Where theie are intended to be four purifiers (what we term the 
four-box system), three aKvays in action, the maximum daily (24- 
hour) make of gas, expressed in thousand cubic feet, multiplied 
by the constant 0.6, will give the superficial area in feet for each 
purifier ” Or CO square feet of area in each box per 100,000 
cubic feet make per 24 hours. 

(Mr J A. P, Cnsfield, representing tlie most approved American 
practice ) 

Assuming a time contact of 60 seconds (oxide of iron), 


where V is volume of oxide m cubic feet (between inlet of first 
box and point of test); R equals rale of ''make per hour." 

This ‘‘volume of oxide” may of course be divided In’ any num- 
ber necessary to determine the various sizes of boxes found to be 
con\6mcnt 

Or the equation may be simplified to road 

K-20r; 

or the volume of oxide between the inlet of tlie pvmfieis and the 
completion of treatment for Milphurcted hydrogen must 1)0 1/20 
of the rate of flow of gas per hour 

This rate of flow should be baaed upon the maximum or ” peak" 
lo.ul of the gear’s outiiut Due .allowance should of course be 
made in the iiiNtallation of boxes for an increase of manufacture. 
It IS .al-'O based upon the purification of carburetter water-gas, 
and should l« increased appro\im.atcly one-third in are.a of square 
feet for coal-gas. 

Mr Crisficld's fonnul.'i, l>cing based u|K)n an equation between 
co«t of installation, interest, and depreciation of apparatus of 
boxes, and the coat of labor and operation, undoubtedly consti- 
tutes the highest authority for Amcncaa engineers. 
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Ahcl flakh'tcst for oil, 43 
Air, coniprrft.i(\i, power rer|uirc(l,323 
Air, laturation of, by aiiuetHis \apor, 
273. 270 

Aoalyacs of stcam'boilcr fu<U, 325 
Analyst* catltcin dioxide, 23 
carburetter oil, 
fircscby, 31 
•uljibur la oxide, SC 
iodine method, S7 
wateNijas acrubber water. CO 
Appliances, cas. industrial, 2(^ 
lichtmgi 2G0 
ranges, cooWing, 240 
Aqueous sapor in air, 375. 379 
Ana of circles, 343, 35S 
Asbestos lining for range oicns, 2X. 
23S 

Ash in fuel, influence on salue, 337 
IBarometnc temperature conectioa, 


prc'.siirc, 3 

Blowert, for pencrator blast, 4 
Sturtcxant.as exhausters, 107 
Boyle’s bw, expansion of gases, 373 
Branch mam (onnections. 43C 
Brass fittings, red and yellow, 157 
Breaks in niaiiis, repairing, ICQ, 431 
Bulb anthmcinc laphthalnie soU 
\ent, 139 

Bunsen’s rtfuslon test lor sincific 
gwMiy, 231 


Burners' gas-range, 250 
incandescent, 2C0 
open flat-flame, 2C2 
tar, water-gas, 02 

Calcublton by loganthms, 354 
Calibtat ion of the Bamis csloiimeter, 

Calonfle power of gases, 404 
catcubtion of, 391 

CalonoiHer, Junker’s gas and oil, 202, 
297 

Simmancc-Abody, 299 
Calorunctr}’ of steam, 13 
^ndle-powcr and heat value, 201 
^aluo of carburetter oil, 4S 
Capacity of consumer’s meters, 210 
Carbon deposits in superheater, M 
Carbon dioxide' analysis, 23 

coal, equivalent of,m flue-gas, 340 
water-gas containing, 10, 22 
Cariiuretter brickwork, 30 
^rbuietter oils' analysis of, 44 
Comparison of, 50 
pump for, 44 
Btoian, 43 
supply, 39 

Carburetter, operation details, 51 
temperature, 49 

Cement pipe-joints, 148, 153, 153 


Coal; anthracite, for generator, 20 
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Economic Sizes of Purifying-boxes (Ncwbiggin’s 6th Edition). 
— “ Where there are intended to be four purifiers (what e term the 
four-box system), tlirec always in action, the maximum daily (24- 
hour) make of gas, CNprcssed in thousand cubic feet, multiplied 
by the constant 0 G, will give the superficial area in feet for each 
purifier ” Or GO square feet of area m each box per 100,000 
cubic feet make per 24 hours. 

(Mr J A P.Cnsfield, representing the most approved American 
practice ) 

Assuming a time contact of GO seconds (oxide of iron), 

00 = 3 ^, 

where V is volume of oxide m cubic feet (between inlet of first 
box and point of test); It equals rate of “make per hour." 

This "volume of oxide” may of course be divided by any num- 
ber noccssaiy to determine tlie various sizes of boxes lound to bo 
con^cnlcnt 

Or the equation may be simplified to read 

ff«20r; 

or the volume of oxide betneen the inlet of the purifiers and tho 
completion of treatment for .eulphureted hydrogen must be 1/20 
of the rate of flow of gas per hour. 

This rate of flow should be based upon the maximum or‘'pcak" 
lo.nd of the year’s output. Due allowance should of course be 
nude in the installation of boxes for an increase of manufacture. 
It H al'O based upon the punfication of carburetter water-gas, 
and ‘■houlil l*e iiicrc.x«cd approximately ouc-thiid in area of square 
feet for coal-ga>. 

Mr. Cnsficld’s formula, being Ixascd ujxin an equation lictwccn 
co'.t of installation, intercut, and depreciation of apparatus of 
boxc.-*. .and the cost of labor and operation, undoubtedly consti- 
tutes the higlicst auUiority for Amcncan engineers. 
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Abel fla&b-tcst for oil, 45 
Air, comprrs.swl, piower rorjuirtd.Ko 
Air, nHunxtion of, b\ aourous lapor, 
275, 27a 

Analy'ca of steam-boiler fuels, 335 
Ana1)su car)>on dioxide, 23 
carburetter oil, 44 
fire-clay, 31 
sulphur m oxide, 80 
iodine metbod, S7 
Matcr-(;aa scrubber water. CO 
Appliances, pas ladust rul, 2C4 
lipbtmp, 300 
ningek, cooking. 249 
Aqueous «apor in air, 275, 279 
Alta of circles, 343, 35H 
Asbestos Imuic for ranee oicns, 2X. 
2,58 

Ash in fuel, influenfc on value, 327 


Burners gas-range, 250 
incandescent, 200 
open jlat-flame, 203 
tar, water-gas, 63 

Calculation by logarithms, 354 
Calibral ion of the Barrus calorimeter. 

15 ' 

Calorific power of gases, 404 
calculation of. 391 

Calorimeter, Juiiker's gas and oil, 202. 

297 


Barometric tcinpcrature conxitioD, 
270 


pressure, 5 

Btaweni for ppiK rater blast, 4 
Sturtevant, as exhausters, J07 
Boyle’s law, expansion of gases, 273 
Branch main conneetlons. 45G 
Bra>a fittings, red and yellow, 157 
Breaks m mams, repairing, 1C6, 451 
iSucb anthracene imphthalciic sol- 
vent, 139 

Bunsen’s (ffu-ion test for spori&c 
grav ity, 281 


ctHiipanson of, 50 
pump for, 41 
btorage, 42 
supply, 39 

Carijuretter, operation details, 51 
temperature, 49 

Cement pipe- Joints, 148, 152, 153 
^meiita and fluxes tor pipe, 248 
Checkcr-bnclt spacing, 37 
Chimneys: calculation of height. 33-^ 
draught, site, capacity, 334, 338 
^ords of circle, polygons, 353 
Orcularfunctions. 341, 343,358, 359 
Uccumference of circles, 343. 358 
t-linker, generator. 6 
Coal, anthracite, for generator, 20 
^61 
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Coal bize of, for generator, 21 
Coating bcrvices, 201 
Coke, qualities of generator, 19 
Combustion of ga^es: calculations, 
403, 409 

flat-flame burners, 202 
temperatures, 302 
Complaint meters, 212 > 

Composition of gases, 267, 2G8 
Compression of air, table, 105 
Compression of gas. analysis, 227 
candlc-powcr affected by, 226 
tondcnsation due to, 220 
solume afleetcd by, 227 
Conductors of heat, rclatUc \aluos, 
308, 310 

Condensers, water-gas, 67 
principle of, 09 
BUrtacc condensation, 03 
temperatures in, 07 
Connections to consumers’ meters, 
211 

Consumption, gas, by industrial ap- 
plunces, 205 

Coiucrsion factors, FreDch-Enslish, 
303 

compound units, 370 
Cnglish measures, w-ater, 375 
beat-units, 371 
temperature scale, 300, 372 
Weights and measures, 309, 100 
Concition, tohimc, for temperature, 
215 

Corrosion of sen ices, protection, 201, 
203 

steel scnuccs, 397 
Cost of mam laying, IGS, IT6 
CoX computers lor gas flow, 143, 221 
Cutting-in tec for cut mam, 4.31 I 
Cjlmdrica! se-tocU, table of gallons 
300 

Dimensions: cast-iron pipi* sikcUIs 
199 

imn and steel pipe, 20 1 
Distillation data for r.irburrttrroil, 
47 

Drrs.scri)i}>e coupling, 1.30 
Drill and tap, for. 39t» 

Drips on high-pn-ssure mams lOO 

nifidcncj" gas ranges, 219 

steam flow in wAUT-gj« generator, 
10 

EtTuHop list for s|)ccilic gravity of 
ga-<s,2Sl 


£iiguie,^ab: cause of pressure pulsa- 
tions, 223 

installation and operation, 266 
EvapoinUoa of water, equivalent, 

Excav'stmg trenches, cost of, 169 
Exhausters, gag, 92 
capacity, 99 
dunenstoDs, 100 
installation, 94 
operation of. 94 
effect of altitude, 103 
power required for, 92, 103 
presbum, high, 97 
revolutions and pressure, 101 
sftp and losses, 95, DO 
Expansion: curves for steam, 320 
gases, liws of, 271 
liquids and metals, 309 

Fire-bnck: analysis, 31 
carburetter, 36 
checker, spacing of, 37 
properties of, 27 
superheater, 37 

Fitr-cby for brick, properties of, 29 
Fittings: brass, reel and yellow, 157 
0an{>^..3Rl 


45.1 ' * 

Flow of pas m pipes, 142, 231 


of.30S “ 

Fuel (Ctuiomizcr, Green fuel, 132 
Fuels* grucmlor, 2, 19 
steam raising, 323 

Gages, presbure, 219 
liamis draught, 221 
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Gages, diiTcrcutul, Luuk 221 

miihiple connw-tions for, 220 
I’Hot tul«, 222 

Gallons. c\h[ulirs, uf, 2.10 
in iisstls, .Ul 

Gcutrator, water-gas- l‘b*t-pn.'ssun?, 

clmki r, G 

lulls cotiipanxl, 1 , 2, 10 
I'J, 23. 2" 

ojicratiun, J, 17, IS 
ualiiy ilcxitr-, 27 

siuim Hipji]} , 0 

Governors Icr gas jim-surc, 21S 
Grade of [ras-iiums, m 
Green futl-Konoiniwr 122 


Hut vah.is l*oilir-futli«. 220 
calculation of, 21)1 
«udlt-j*owtr nlaiiou, 2.X» 
ccuiGuslion, 401. W'' 
coiiJuilors, c<jiiil‘arai''c. 20 n 
insulation, 232 
ndutiOD, OUa 
from pipe, 2'JI 
units, convcfsKin, 200. 271 
Holders, gas caliulations, 127 
capoiiiy of, 127 
pressure by, 172 
siie of a, 130 
tanks, 124 

facziiig, prevent**'**. 1-* 
lulcliL-s on, 123 
wci,,:hliug of, 12J 
wind pnssure on, 1-^ 

Hydrouitter ml<i specific gravity, 
conversion, 2a0 


Incandescent gas-lighting, 2i^ 
Iiitti,(niitioosof all, deeunalerjuiva- 
Icnts, 352 

Industrial gas applianecs, 204 
coosniiiption, 203 
gas-engines, 20G 
ojicration, 204 


Joints, pi[ie. sec ripe-iointii. 
Juidccr’s gas-calorvo*vter, 292 


Latent heat of htraii'f 311 
Laying of gas tiuiiis, 142, 117 
cost of, 172, 170 

Lead in pipe-joints, 145, HO, ISO 
had wool, 1^ 
lojail pil>o, weight of. 3^t) 

Leaks m Kas-manis, 1C2 


Lciiifby's globe for sixtiln gravity 
lest , 2 nI 

Ligliiing appluiiies, 200 

Linear cvixiii-nm of metals, coefii- 

LKUts. 20*1 

Logantiims of coiivcmcnt constants, 
J32 

nutulirs, J31 

Luiutu- pyroiiuier, polarizer, 303 
Lux gas-baLiiiie for bpi'cific-gravity 
test, 2S3 

Mains, gas bn aks, reiainng, IGO 
ia|uLUy 142 
cost of, 108 

suba>|ucous, 177 
taking up, 177 
trossTs, UcMgiiating 170 

dC|H)MlS, 11)1 
CKiavutlou cost, ICS 
gm<lu-iil, 144 
lomts M’C PiiK'-pumls 
laying, pneumatic tonU, 143, loo 
leaks records of, 102, 1(>3 
loading and hauling, ICS 
re|>air work, ICS 
scrvKC connection, 103 
s|xcml for joining break, 461 
spiciai<, 182. 420 
stnpixTs, 1C7 
tools for laying, 450 
tromhing, oust of, 1C8 
Mams, high-pressuro gas: anchors, 
IGU 

dnps, IGO 
]omta, 134 
regubtots, 139 
testing, IbO 
valves, 159 
Mantle Inimcrs, 200 
Matlunatical tables, 341 
Measurciiieiit: gas, standard unit, 117 
generator steam, 7 
McltinR-|K>ints of metals, Pnneeps 
alloys, 301 

Meiers, gas, consumers’: capacity. 

210 

cuiiipbint, '212 
eounulions, 211 
installation spi’cificatioiis, 237 
opi-nition of, 21.1 
?pnigup, 21 1 

tenijierature correetion, 213 
testing of, 20'), 212,215 
Meters, g IS, RtatiDu; by-p.is.«, 114 
couuiitiuus, 113 
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Meters, opcr^itioa hints, 118 
rotary type, 119 
sizes, schedule of, 112 
volume correction for, 115 
Meter, gcncritoi-stcara, 8 
Metne system, comersion of, 3C8, 
40G 

Mueller high-pressure fittmgs, 205 

Naphtlialone deposits in pipes, 136 
pre\enting dciio.sits, 139 
properties ot, 135 
rcmo\a\ from pipes, 137, 161 
bolutioii ID benzine, 1-10 
test for, Mith picric acid, 141 


228 

Oxide of iron preparation for pun- 
Rcation, 77 
reMvificatiun of, 82 

Paint, uater-cas tar, 59 
Palladium chlonde test for leakage. 


hcrrw-llm.idH for. 3Si2 
sen ite-pnie dimeiiMoiH, 201 
spellfir.itliilH. ni 
staiulanl si>>.fijl4, 120 
MiKiiiueoii*. ct»t (if laying, 177 
l<ml* fur la) mg, I5i5 
\'.iter-pi|>e. rui-t uf 1 ij itig, 173 
I’H*.- tt unfit and tluxoH, 2tS 

IsiU-aiid-sucki t , 1 52, 15J, 

-I VI 

Cc Haul. 1 IS, l.>2. 
r(>tn|Kin»it> uf variuiK, 152 
roii|i|iii2. IJn-v-er, 15ii 
tliiiK ii'iuMi. I'.rj 
iLuiipd, TsO 
liuli-pasiun’, 151, 109 


Pjpc-jomts: lead, making of, 150 
lead wool, ISO 
specifications, 145 
unitersal, machmed, 154 
yam required for, 153, 459 
Piping, bouse, capacity of, 247 
gas-engine, 247 
gas ranges, 251 
Wlallation, 244 
sues of pipe allowed, 240 
specifications, 236 
weight of pipe, 246 
Pitot tube for mcaeunag gas flow , 222 
Plates, meted loints for, 392 
Pneumatic tools for cutting mains, 
160 

Pole’s fotmula for gas flow* In pipes, 
142, 232, 2S0, 377 
Power required by exhausters, 92 
Preheater for carburetter oil, 40 
Pressure, gas adequate, 216 
aqueous lapor, clTcct of, 278, 270 
burner pressure, 217 


nialycHof epent oxide, 80 
liuxcs. hize of, 4U) 
calculations, 79 
rajucity of lioxcs, 74 
ends Jaeger, W) 
lime, prr{iarition of, 7S 
iiialerul. purifying, 74 
uxidc of iron, pnqciration, 77 
tosluig-boxes, hi 

l* 5 naiKtcr, bluc-glaM optical, Earn* 
h}>a» . .900 
Nemens 311 

Ibulialioii of heal , 308, 310 
surface of pipes, .191 
lUngcs, gxs lukmg, 253 
bumcm, 2 -'j 0 
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Subaqueous pipe-la\mg, cost of, 177 
Sulphur, compounds in gas, removal 
of, 73 

Sulphureted hydrogen in gas, tests 
for, 72, SG 

Superheated steam, propertiesof,319 
Superheater carbon deports, 53 
checker-brick, 55 
temperatures, 53 

Tanks box-hke, gallons contamed. 


Tapping mams for services, 1G5, 200 
high-prcssure, 267 
Tar, water-gas' burner, 62 
composition, 53 
pamt and pavement, 59 
pumps, GO 


certain mdustrul operaiiuns,307 
combustion of gases, 302 
correction for volume, 215 
generator, C 
punficr-boxcs. 81 
su{)crhoater, 53 

Tempciatiiro measurement* blue 
gbsncs, 300 

iron, color of highly healed, 305 
meltiiig-ixiiiitB, 30-1, 307 
polariscnpc or lunette, .305 

Testing* consumers’ meters, 209 
g.vs ranges, 25G 

Tbcrmonielcr *ralcs, FreDcji*nnglisJi, 
. 373, -110 

Thrca«ls of screw -pipe, 382 

Tools for laying last-iron mains, -150 
for laying services, 458 


Trays for water-gas scrubbers, 64 
Trenches, gas-mam cost of, 1G9 
size of, 146 

Units' English and French, con- 


Valvcs, strength of pipe, 381 

Vapor tension aqueous vapor, 275, 
278, 279, 314 
mercury vapor, 406 
steaiji, 315 

Volume of air, effect of pressure on. 
105 

Volume of gases, 271 
corrections for, 115 
effect of pressure on, 227 


weight at vanous tcmpemturcs, 
«. 250 

vvater-cas apjaratuR, 1 


375 ' “ ' 

Welsbach burners, 2G0 

Work in bteam, distribution of. 318 

Yam required for pipe-joints, 459 
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